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Finish Control + Acceleration of Hydraulic Motors 
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FORGED FROM LOW-CARBON 3.5% NICKEL STEEL... 
this main shaft for a gyratory crusher is 21’ 6” long, with 
maximum diameter of 44'2". It was produced in the Steelton 
plant of Bethlehem Steel Co., Bethlehem, Pa Shipping weight 
after heat treatment and rough machining: 67,500 pounds. 


how NICKEL assures 


Superior Mechanical Praertes 


in heavy forgings... 


Frequently, forgings are so large that only a limited 
portion of the mass can be worked under the hammer 
or press in One operation... 


And even when dimensions permit liquid quenching, 
the section sizes ordinarily involved limit the cooling 
rates and, correspondingly, the response to heat treat- 
ment. 


In large forgings, therefore, improved strength and 
elastic properties are much more dependent upon a judi- 
cious selection of alloy content than is the case with 
smaller sized articles. 


That's why BETHLEHEM STEEL COMPANY pro- 


duces many heavy forgings from nickel alloyed steels... 


For nickel, either alone or in combination with other 
alloying elements, exerts several highly beneficial in- 
fluences. Its strengthening effect on ferrite is indepen- 
dent of carbon content or heat treatment of the steel, 
while its effectiveness in reducing the rate and tempera- 
ture of the upper transformation, induces a better re- 


sponse to the necessarily milder heat treatments us 


The forged shaft shown above, is an example. | 
some applications, and particularly when service « 
peratures are below 0 F., Bethlehem produces lar 
forgings in 0.15°¢ carbon, 3!2°¢ nickel steel. Shafts of 
this composition are giving excellent service in larg 
gyratory crushers operating in northern United S: 
and Canada. 


Specify nickel alloy steels to assure peak performa 
of vital parts in your products or equipment. Send 
the details of your problem for our suggestions. W rit 
us now. 


Over the years, International Nickel has accumulated a fu 
useful information on the properties, treatment, fabricatio 
performance of engineering alloy steels. stainless steels 
irons, brasses, bronzes, nickel silver, cupro-nickel and « 
alloys containing nickel. This information is yours for the 
ing. Write for “List A” of available publications. 


THE INTERNATIONAL NICKEL COMPANY, ING. wew'vore's.s 
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When you specify Mallory Capacitors 


for television receivers or other 
equipment where heat is a problem, 
you can be sure they will stand the 
test. Mallory FP Capacitors are 
designed to give long, trouble-free 
performance at 85° C.—naturally 
they give even longer service at 
normal temperatures. In addition, 
Mallory FP Capacitors are famous 
for their long shelf life. Write for 
your copy of the FP Capacitor 


Engineering Data Folder. 


*Name on request 


FP is the type designation of the Mallory developed electrolytic capacitor having the char- 
acteristic design pictured and famous throughout the industry for dependable performance. 
i 











Mallory Engineering ) 


Saves Customer 
$6.500 Weekly* | 


Manusicturers buying Mallory Capacitors are receiving a 
value far beyond their specifications. 

They benefit by an engineering service that is always 
available to them—a service that recently simplified a 
circuit for one television manufacturer, eliminating four 
capacitors, saving $6,500 weekly in materials and assembl) 
time. That’s service beyond the sale! ' 
In addition, they benefit by the dependability and superior 
performance of a product that has been consistently ahead 





of the industry. 


When you have capacitors to specify, remember Mallory 


mre) 


Remember the benefits of Mallory dependability, perforn 


ance, and engineering service . . . they're all yours at no 


premium in price ! 


DER A IY 










P. R. MALLORY & CO., Inc 


a 


SERVING INDUSTRY WITH 4 

me)- a a:* Capacitors Contacts : 
2 et Controls Resistors iS 
: Rectifiers Vibrators 3 
Special Power H 

Switches Supplies q 


Resistance Welding Materials 
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end result is not to raise prices, but to lower lowering of quality standards with the argu- 
manufacturing costs. ment, ‘what difference does it make? The custo- - 
There are many ways of cutting manufactur- mer won't know it.” Such a stand is not only 
ing costs without reducing the quality of the insult to the intelligence of the customer 
product. Sometimes it is even possible to im- but also underrates competitors. Invariably the 
prove a product and at the same time reduce first to learn about lowered qualities are the ' 
the manufacturing costs. But eventually a limit competitors who immediately tell the customers 
is reached and it becomes impossible, at a given and prospects. ] 
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The Lorelei Song for Lower Prices 


BECAUSE LOWER PRICES TEND to increase 
the market and make easier the selling of 
product, there is often a strong urge, particu- 
larly in the sales department, in the direction 
of lower prices. In addition, there is also the 
desire for a wider margin of profit, and hence 
the generally proposed method for achieving the 


time, to further reduce production costs without 
seriously affecting the quality of the product. 

Purchasing and sales, as well as other non- 
engineering personnel of a manufacturing com- 
pany, are often extremely vehement in their 
“suggestions” for cutting the cost of a product 
at the expense of quality. When it is pointed 
out that their suggestion will result in an in- 
ferior quality they often belittle the value of 
quality and brush aside the objections. Almost 
every time that a product of high quality and 
distinction has been cheapened it has later lost 
its leadership. 

The market for a quality product exists pri- 
marily because of its quality. People buy high 
class, top-ranking goods primarily because of 
qualities of some kind or other—appearance 





distinction, serviceability, durability, conven- 
ience, or other feature. Ironically, only too fre- 
quently the people who sell the product often 
fail to recognize the qaulities which give it 
sales acceptance. 

This last possibly explains the all too preva- 
lent attitude on the part of those who urge a 


When what was a quality product appears 
shabbily clothed or no longer able to perform 
with superior satisfaction the functions for 
which it was designed, or no longer carries with 
it a pride of ownership, because it has lost its 
earmarks of distinction, the fact will very 
quickly become known generally. Competition 
will shout it from the housetops; customers 
will grumble or bellow about it. If the product 
could speak it might quote Shakespeare in say 
ing “. . . he that filches from me my good 
name robs me of that which not enriches him, 
and makes me poor indeed.” 


Ladlndol 
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RADIAL LOADS & THRUST 
From Any Direction 


Taken by ONE 
Single Row Ball Bearing 


(either sealed-for-life or plain) 


' : we . 5 

One easily applied, unit bearing, requiring no adjustment, aa 
22 

provides ideal radial support and axial location in both er. 


direction® for an infinite variety of shaft mountings. 1¢ ae 
a ball bearing is used at the other end of the shaft, it 
floats — takes radial load only. Or the other bearing may F 
be a plain bushing, or any radial, anti-friction type the! * 


designer may elect. No headaches over shaft expansion 


or normal machining errors. 





Check into this for greatest simplicity and economy. 
in your designs: The famous New Departure rear wheel 
bearing* on leading cars is an example. . .. Rememberf@ 
— no other bearing not of dual type or not used in 
opposed paits can equal this load service. 

Noweng Kole ‘ 


Like 2 Cal 


*Send for booklet RW showing this applic: 


NEW DEPARTURE BALL BEARINGS 


NEW DEPARTURE ¢ Division of GENERAL MOTORS CORPORATION © BRISTOL, CONNECTICUT BRANCHES IN ALL PRINCIPAI 
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BRUSH SURFACE ANALYZER is used in final inspection stages of aviation crankshafts for Wright 14 cyclone engit 
The analyzer reveals surface variations by recording these mov emenis on a graph. New models use direct inki 
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A realistic approach to the old problem of surface finish specification, 
including a discussion of new SAE standards and of the various effects 
| below the surface of metals caused by diferent finishing operations. 
; i 
me Wi 
rv ] DR. C. R. LEWIS, CHRYSLER CORPORATION 
} 
H 
} 
4 ome 
7 | THERE IS NO SIMPLE FORMULA tha shes tl 
| To obtain maximum benefit from will allow a designer to choose an productior pera ind 
ig | Dr. Lewis’ article, the reader should optimum surface finish for a given sults to be expected fr he use 
| turn to the surface finish standards 2 The onl ‘apaendpy BA seus “owtr * 
®| presented as Reference Book Sheets, part 1 only safe way of specifying such finishes Furthermore, } 
{ pages 163 to 167. Although this surfaces to obtain minimum wear and know how to specify the ty P 
iM| may seem inconvenient, it was felt optimum performance is to base such required so that the results he expe 
that engineers interested in surface specification on surface conditions are obt: it he shor } 
im; finish would want to clip the new : i. £ 2 ssticfactor H er ay rk Se 
| standards for fuwre use. They are previously founc Satisfactory ow Surface finish measuremet 
| thus presented separately. ever, the designer should have some trol, as practiced at the pr 
working knowledge of the surface fin s conf a 
| 
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tual surface from the geometry of an 
idealized surface. To  systematize 
such measurements, a new standard 
has been developed by the Society of 
Automotive Engineers, and will be 
published as the surface finish section 
of the new SAE Automotive Drafting 
Standards. , 

To study and illustrate surface fin- 
ishes, the taper sectioning method pro- 
posed by Nelson has come into general 
use. As shown in Fig. 1, the surface 


Original Mognified profile 
surface y.# _,, Direction of viewing 
4 i Taper angle 
x 
Actual 
profile 








HR Nelson (see references } 
Fig. 1—Technique of taper sectioning 
for examination of surface irregularities 
allows vertical magnifications from 10 
to 25 times as great as the horizontal 
magnifications. 


to be viewed is cut at a very small 
angle to the original surface of the 
specimen. The taper can give magni- 
fications as high as 25 to 1. In view- 
ing pictures of taper sections it must 
be remembered that the photographs 
are distorted, with the vertical mag- 
nifications 10 to 25 times as great as 
the horizontal magnifications. Since 
the heights of the surface irregulari- 
ties are exaggerated in relation to their 
widths, the average slope found on an 
actual surface is always much smaller 
than those shown on taper sections 
representations. 

Photographs of taper sections of 
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surfaces produced by common finish- 
ing operations are shown in Fig. 2. 
Machined surfaces vary so widely that 
these illustrations should not be taken 
as typical of any type of finish, but 
only as illustrations of particular sur- 
face finishes. The distortion in these 
pictures must not be forgotten. For 
example, the surface shown in Fig. 3, 
which was made by a special method 
as a surface roughness standard, has 
an included angle in the grooves of 
150 degrees instead of the apparent 
angle of about 15 degrees. 


Effect of Finish on Metallic Structure 


Surface finishing operations are sus- 
pected to have an important effect on 
the structure of metallic materials at or 
immediately below the finished surface. 
It has been contended that oper- 
ations such as polishing or the run- 
ning-in of a surface in actual opera- 
tion produce a layer of non-crystalline 
metal. This is still controversial, and 
existence of such a layer has been 
neither established nor disproved. 

When rough surfaces are produced, 
grain distortion and fragmentation oc- 
cur. This distortion is clearly visible 
in Fig. 2B. Even on a “smooth” sur- 
face, effects of finishing operations may 
extend to appreciable depths. When 
the polished surface of a metal is re- 
moved by etching, residual effects of 
previous finishing operations are often 
discovered. The well known police 
method of recovering obliterated serial 
numbers on guns depends on this 
effect. 

To show the effects in depth of sur- 


cy 
aes 
Fig. 2—Taper sections of surfaces produced by common finishing operations: (A) Milled surface, magnification hori- 
zontal 700X, vertical 17500X; (B) fine turned surface, magnification horizontal 550X, vertical 13750X; (C) ground, 


magnification horizontal 400X, vertical 10000X. Vertical exaggeration, because of the tapered surface from which the 
photographs were taken, provides a definite comparison between the various finishes. Fig. 1 shows sectioning technique. 


tc: 


face working, a number of investiga 


tions under controlled conditions have 


been made, of which three typica 
sults will be described. 
methods, Thomassen and McCutc! 
investigated the depth of cold work 
in 70-30 brass (surface roughness pr 
sumably of the order of 100 
microinches) when milled with a | 
of 0.007 in. per revolution. X 
patterns show ed cold working on t! 
samples to a depth of 0.005 inches 
Using an electron diffract 
method Wulff made a similar series 


tests using initially smoother surfaces 


and materials of such a type that | 
cold working and hot working 

be detected. Commercial grinding 0; 
erations, resulting in a surface 

of about 2.5 microinches ave 
showed hot working to a dep 
about 0.0002 in. for wet grinding 


Using X-ray 





Table I—Effect of Surface Rough 
ness on Corrosion Resistanc: 


(stainless steel samples exposed ' 
hot salt solution 


Rough- 

ness | Weight 
(micro- Loss 
inches 0 to 


Sample te 
average) 24hr 


Preparation 


mg/sq 
cm 


Rough Ground 1.4 
Find Ground | 78 
Superfinish 37 





Propuct ENGINEERING — AUGUST, 





Fig. 

(mag 
(250. 
instei 























































































































































be Ne tn RA 





















































surface 
vertical 
150 deg 
15 deg apparent angle. 


standard 
250X, 


3—Special 
horizontal 
(250X) has an angle of 
instead of 


Fig. 
(mag. 


nearly double this value for dry grind- 
ing. The temperatures at the bottom 
of the hot worked layers were about 
100 F. Below this hot worked layer 
n both types of grinding was a cold 
worked layer extending to an addi- 
tional depth of 0.0001 in. Smaller 
speeds and pressures affected less 
depth of metal. The combined hot 
and cold layers due to a honing oper- 
ation reached a depth of 0.00008 in. 
and those due to metallurgical polish- 
ing about 0.00003 in. Since the 
method used for these studies required 
an initially smooth surface, no results 


are available for other machining 
methods. 
These tests were made on 18-8 


stainless steel, to measure effects of hot 
and cold working by resulting phase 
transformations. Further tests were 
made using Hadfield steel and beta 


brass, with similar results. Results of 
a same order of magnitude can be ex- 
pected for other common engineering 
materials. 

This work that even mild 
finishing operations can have an effect 
on metals to a considerable depth be- 
low the actual surface. Where the me- 
tallic structure at a surface is impor- 
tant, as in applicatons requiring. 
corrosion or fatigue reSistance, a fin- 
ishing method should be chosen 
which minimizes these effects. As part 
of this study of surface metallurgy, 
corrosion resistance of stainless steel 
samples cxposed to a hot salt solution 
was measured by Wulff as a function 
of surface roughness. As shown in 
Table I, the smoother surfaces were 
more successful in preventing the in- 
itial incidence of corrosion, but once 
started, the rate of corrosion is not as 
strongly dependent on surface finish 

A somewhat more spectacular metal- 
lurgical effect of surface finishing op- 
erations has been reported by Sak 
mann, who studied ground samples 
which had undergone friction tests 
Although most of the samples showed 
only profile changes, in several of the 
samples regions were discovered which 
had undergone phase transformation 
involving volume increases. Sections 
of material were thrust up above the 
general level of the ‘Surface. These 
eruptions consisted of extremely hard 
sail digudeatambeiad material. These 
transformed regions caused high fric- 
tion values and difficulties in lubricat- 
ing the running surfaces. Since these 
eruptions appear only on samples pre- 
pared by severe grinding, their forma 
tion can only be attributed to the 
method of surface preparation 

Sufficient work has been done to 
show that surface finishing methods 
have an effect on the structure and 
properties of engineering materials to 
a significant depth below the nominal 
surface. These effects should be con- 
sidered when surface properties of the 


show S 





material in a proposed application are 
important, such as wear resistance 


Performance of Machined Parts 


Surface finish of a machined pat 
has some eftect on the frictran, lubri 
cation, wear, and fatigue endurance 
characteristics 

In investigations to determine the 
effect of surface roughness on the per 
formance of bearing surfaces with 
adequate lubrication, it is convenient 


to group the operating variables of 
oil viscosity, Z, rotating speed, N, and 
pressure on the bearing, P, into a 


single composite variable 
S = ZN 
Pp 

When plotted against the coefficient 
of friction this variable shows the per- 
formance of the test bearing 

To make such a plot general in ap- 
plication, the friction coefficient is 
multiplied by the clearance ratio DC 
and the variable § by (DC)*, where 
D is the diameter of the shaft and « 
is the difference between diameters of 
the shaft and bearing. When repre 
sented in this way, a typical friction 
test of a steel journal running in a bab 
bitt bearing gives results of the type 
plotted in Fig. 4. The maximum per 
formance of the bearing occurs at the 
minimum value of the curve, and the 
values of S for minimum coefficient 
of friction can be taken as a figure of 
merit for the bearing. Table I], which 
lists performance values obtained from 
test bearings having journals with dif- 
ferent surface finishes, shows that per 
formance is improved by making the 
journal surface smoother 

Tests of a flat slider running against 
the surface of a plane disc gave similar 
results. Fig. 5 family of 
curves of friction coefficient vs operat- 


4 lee - ‘ et > 
ing variables for a series of surface 





show S$ a 


finishes Here, the clearance 1 mn 
longer appears and the square root of 
the composite variable S is used, be 








ourtace 


Roughness 

Shaft Type of Finish microinches 
A Turned 130 
B Ground 70 
« Ground 50 
D Ground 14 
F Ground 13 
F Ground 7 
H Ground 4 
I Superfinished l 





from article by Burwell, Kay, Van Nymegen and Morgan — see References 


Table II—Effect of Surface Finish on Bearing Performance 


(steel journal running in babbitt bearing) 








Clearance Value of (D/C)" 
Ratio at minimum y 
D/C friction coethcient ” 
1,150 0.38 
1,200 0.25 
630 0 06 
520 0.0017 
540 0.0013 
500 0.0012 
480 0.0010 
500 0008-0 .0011 
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4—Typical 
turned surface running against a babbit bearing 


friction-coefiicient curve for 
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a Fig. S—Family of curves of friction-coefficient vs operating variables for a series of 
< surface finishes as determined by various load conditions of an SAE 1045 steel journal. 
- cause the surfaces are plane rather than wear. Here again, tests show im- 
i cylindrical. Table III gives the mini- proved performance of smooth sur- 
‘ mum values of $4 as a function of sur- faces. In journal bearing tests of steel 
r face finish, and also the corresponding against babbitt, the removal of iron 
; loads carried by the bearing, assuming from the steel journal was measured. 
>. that speed and oil viscosity remain Fig. 6(A) shows that the initial wear 
‘ constant. increases as the surfaces are made 
7 If lubrication of a bearing is re- rougher, but after approximately 20 


stricted, the performance criterion usu- hr of runnir, the rate of wear de- 
( ally considered is not friction but creases to such a low value that no 
further distinction can be made. This 
. test is primarily a measure of run- 
Table I1l—Load for Maximum ning-in wear, and not the normal wear 


r 





: Efficiency of a bearing surface during extended 
: SAF 30 oil at 170 F operation. Fig. 6(B) shows running- 
in wear as a linear function of rough- 

Surface ness. 
Roughness | _ There has been some controversy 
microinches |S’ x 10 (min)| Load, psi concerning the effect of surface finish 
130 1k 9 on the peteenenes of such moving 
55 9 S88 parts as bearings and gears. The difh- 
45 7.3 ; jon culty arises from the word “perform- 


ance”. There is quite a difference, for 
instance, between performance during 
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Fig. 6—Metal removal from steel journals (against babbitt) during running-in process: 
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(A) Rate of metal removal; (B) total metal removed against surface roughness. 





he runniny in peri kd and perl 
ince afier this period. This differ 
was demonstrated in tests of cylin 
ry cups which were rotated it diff 
ent speeds under load, in a com 
rubbing and rolling action that is | 

al of gear teeth. SAE 90 grade 
motive gear lubricants were us 
These tests were conducted at the N 
tional Bureau of Standards (McKee 
al—see References). Two types 
data obtained from these tests 
worth noting. 

To show the changes in. surf 
roughness during test runs, startir 
with cups of the same roughn 
(about 28 microinches), differ 
loads and various lubricants at 

ere used. Some of the results 
hown in Fig. 7(A). Where the : 
of wear was relatively low (all lubri 
cants but AS—this was determined 
previously), the roughness decreases 
during the run-in period and tended 
to level off between 10 and 20 mi 
inches. As the rate of wear increased 
(lubricant AS—previously determined 
in time vs wear test), there was a trend 
for the roughness to increase 

Even more significant was the 
of this study which showed the eff 
of the original surface roughness < 
the cups on the rate of wear. Surface 
roughness vs time curves, shown 
the upper part of Fig. 7(B), indicate 
that the net result of operation was 
to bring the roughness of the cups 
fairly close together. Wear vs time 
curves in the lower part of this figure 
show that while the run-in wear 
tended to increase with increase 
roughness, the final rate of wear was 
practically independent of original s 
tace roughness, over range covered 

Where severe operating conditio 
are encountered, a protective coating 
is put on one of the surfaces to pre- 
vent damage during the initial run 
ning. Fig. 8 shows test results 


tained on a coating of this type, using 


the same apparatus for obtaining the 


results in Fig. 5. Two curves are 


shown, one for uncoated cast ir 
surfaces and the second with 
phosphate coat. The tests were start 


on the right side of the curve with 


very light loads, and the loads 
creased according to a definite sch 
ule, thus decreasing the value of 
variable §. The lubrication for 
coated surface started to fail at a va 
of S§ characteristic of its rough: 
(compare Fig. 5). However, on « 
oned running, the friction decreas 
to a value approaching that of the 
coated surface. Beyond the minin 
of the curves the two lines approac! 
each other, and the phosphate coat 
was practically worn off. A repeat : 
the test gave identical curves for 
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AE. 90 automotive gear lubricants E 
O8O-Navy Contract mineral o © 4 
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Fig. 7—Difference between running-in and later period by tests simulating automotive gear conditions (135 Ib load and 225 F) 
(A) Surface roughness vs time; (B) surface roughness and wear as functions of time for lubricants, and surface roughness 
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Fig. 1—One way variable delivery pump with electric pilot motor control and a constant displacement hydraulic motor with 


a V-belt drive applied to a roll bed printing press. 


Drive must be started, accelerated and stopped smoothly while under load. 


Acceleration of Hydraulic 


J. K. DOUGLAS, DEVELOPMENT ENGINEER, AND D. E. NILES, ENGINEER, 


The Oilgear Company 


Loading, friction, and motor characteristics that determine 
the time required by constant displacement hydraulic motors 
to produce a given change of speed in the driven machine. 
Method for calculating time required to accelerate and 
decelerate, and for computing distance travelled during 
speed change, can be applied to rotary and linear loads. 


MACHINES THAT MUST BE STARTED 
or stopped under load, or those in 
which speed must be changed a definite 
amount from operation to operation 
in their work cycle, are frequently 
driven by constant displacement hy- 
draulic motors. To select or design 
accurate adjustable pressure controls 
for the pumps that supply the motors 


96 


in such applications, an analysis of 
pump pressure requirements at all por- 
tions of the work cycle is essential. 
When the displacement of the motor 
per revolution and the pressure loss in 
the motor resulting from internal fric- 
tion are known, it is not difficult to 
calculate the pressure that must be de- 
livered to the motor for the different 


portions of the work cycle. When t! 
time interval for making speed chan 
and the inertia of the masses in t 
driven system are also known, even t 
calculation of pressure required to 4 
celerate and decelerate the drive 
its driven system is readily acco 
lished b imple logical “d 
P isne y a simp e ogica proced 
Ty = input torque to hydraulic motor 
In. . . 
Tr = torque required to balance frict 
losses in the motor, Ib in 
T = torque delivered to motor shaft, 
in. 
For equilibrium when the motor 
driving the machine, Fig. 2(A), 
course, the following relations ex! 
T =Ty-— TL 
Where 


P = pressure differential across motor 
ports, psi 
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Fig. 2—Fundamental pressure and torque relations in the performance of a hydraulic motor. (A) Conditions while the hydraulic 
motor is accelerating a load or doing outside work. (B) Conditions while the hydraulic m« 


Motors Driving 


tor is decelerating a load 


Rotary and Linear Loads 


Py = pressure loss in motor resulting from 
internal friction, psi 

D displacement of motor per revo- 
lution, cu in. 


the input torque Ty to the motor is 

Ty = DP/2« 
and the torque T,, required for motor 
friction losses is 

T, = DP,/2 3 
Therefore from Eq (1) the output 
torque T at the motor shaft is 

7 DP/2x) — (DPL/2n 

D(P — Pr)/2lx 4) 

For conditions where the machine 
drives the motor, Fig. 2(B), so that 
the motor becomes a pump, the torque 
relations are changed. 

Where 


T’ = torque delivered to motor by the 
machine, Ib in. 


T’;, = torque to balance friction losses in celerate the 
the motor, Ib in 

T’ = output torque of motor, Ib in 

T’ = 7T'y + TT’, = D(P + Pr)j2e (5 Tp =t 


The pressure loss P;, resulting from T4 = tora 
internal friction of th 


termined experimentally. This pressure 
loss varies with speed and pressure but 
average values can be determined and 
used with reasonable accuracy. 

To calculate the torque T on the 
driven shaft at the coupling to the Where 


is Zero 


e€ motor 1s a to ac 
motor characteristic and must be de the ¢ 


masses that 


driven system: where 


ie at the mot 


io external work, It 


e available at th 
celerate or decelerate 
iriven system, [b ir 


motor, the external work done and the Ps = increment of pr 


inertia effects resulting from several ; ome 
conditions of drive transmission and _—— 


loading must be considered. The torque Tp is that req 


- - 
rnal work load, | 

“ 
Vila 


uired 


to 


Torque T in Eq (1) is the sum of move the external or drag loads. These 
the torque required to do external consist of friction loads and work out 
work and, during speed changes, the _ put of the system. As far as drag loads 


r 


torques required to accelerate or de- are concerned, friction and work are 
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1 as i quan ICs Csually 
orque Ty can be readily calculated 
for most machines consideration 
~ their work ioad and 


When 


ressed in terms of horsepower Hp, a 


design 


the drag loads can be ex 


imple relation exists; where 
speed of mot vy, rpm 
’,.DS/12 « 33.000 
396 000 F1 
PaD = s 


S 


The torque T, required to make 
speed changes is determined from a 
the time interval in 
which the speed change is made and 


consideration of 


the inertia of the masses in the system, 
where 


a angular acceleration of motor shaft, 
radians per sec per sec 
] moment of inertia of the motor plus 
the effective moment of inertia of 
system referred to motor shaft 
speed, slug ft 
T 4 torque available for acceleration, 
lb in. 
S; = initial motor speed, rpm 
S = fnal motor speed, rpm 
= time interval for speed change, sec 
Y ee i Tp 
a —_ 
12] 12] 
) 
va 2 
oe 
60: 
" 
24x71 (S. — S, 
60 (T T 
1.2%61(S—S 
) 
r 1 


lg T Tp = 1.261 (S S:)/t (10 
substituting Eqs (4) and (7) in Eq 
(9) there results 


or 

D(P P; Pa 

The moment of inertia J in Eqs (9), 
(10), and (11), of course, is a com- 
posite term. It is the sum of the mo- 
ments of inertia referred to motor 
shaft speed of the individual moving 
masses in the system and the moment 
of inertia of the motor. 

When the motor is directly con- 
nected to the driven system without 
employing any speed changing ele- 
ments, that is, when the motor and all 
parts of the driven system rotate at the 
same speed, J is determined as follows: 

Where 

lL. = moment of inertia of motor, 
1, Io, 1s... J, = moments of inertia of 
component masses 1, 2, 3, to n, re- 


spectively, in the driven system about 
their individual axes of rotation 


= 7.91 (S:—S,)/t(11 


motor 1s connected to 


When the 
j 


driven system by speed changing ele 
ments, so that the motor speed 1s differ 
ent than that 


+ 


parts of the driven 


of the driven system, or 
system rotate al 
different speeds, J 1s determined as 


follows 


Where 
S motor speed, rpm 
Ns. Ne. \; V, = speed of rev lution 
of component parts 1, 2, 3, to n, re- 


spectively in the driven system, rpm 
T = Im + J; (.Ny/S)? + Ip (.N2/S)? 4 
Iy (Ng/S)? + Ie (N./S)? (13 


In applications where an element in 
the driven system has a linear motion 
such as a weight lifted by a cable and 
drum, or a rack moved by a pinion, 
the inertia of the part having linear 
motion must be converted to an equi 
valent moment of inertia referred to 
the motor speed, and then included 
in the right hand side of Eq (13) 
The equivalent moment of inertia of 
the linearly moving part referred to 
the motor speed is 
follows: 


Where 


determined as 


R = radius of the pinion, gear 
or drum that is actuating 
the linearly moving part 
or load, ft 

J) = velocity of linearly moving 
part, ft per min 

= speed gear or drum, rpm 


W == weight of linearly moving 
part or load, |b 


WR 


2 (-s*) 
= ras) Cs) 


Viscous Friction 


Equivalent / 


The calculation of torque required 
to accelerate a load in which viscous 
friction must be overcome presents 
some difficulties. Viscous friction is a 
type of friction that varies directly 
with the relative speed between the 
elements and is independent of the 
forces involved. Actually, friction be- 
tween all lubricated parts is of this 
type, but the effect of speed is gener- 
ally neglected. 

About the only instance in which 
viscous friction must be considered is 
when a viscous fluid is being “worked”. 
An example is a wood pulp stirring 
machine in which a hydraulic motor 
drives a beater in a heavy wood pulp 
mixture. The beater must accelerate 
while in the mixture and the variation 
of viscous drag causes a variation of 
acceleration. 

In problems where viscous friction 
occurs, the load torque characteristics 
take the form 


T, = KS 15 


PRODUCI 














It 

Viscous drag ec ° lith 

mes the motor speed S. F srope 
particular application, the value ind ( 
can be determined experimental! Fig. 3 
holding the motor speed constant nai 
then calculating the torque T, req in Fi 
to operate the viscous load a notot 
speed. By substituting these value o kn 
Eg (15). the value ot K an | e re noto! 


omputed 

When T is the total torque avai 
and 7,. is the variable torque of 
viscous drag, the torque T, th 
celerates the load at any instant 

es T, = 7 KS 

Since acceleration in any time 
val is proportional to the accele: 
torque during that interval 
lx S ee. 7 Ks 


“on j 7 12/ 2] 


| log. (S, — 7/K i 


2.89] a ee ; 
k rT. 2 ' 


The time required to accelerate 
S$, to S, can be determined from | 
(17). This equation does not ap} 
deceleration 


Ney Tee ey 


Under decelerating 
ditions, Eg (16) becomes 


T.=T+T,= T+ KS 


and the derived equation for 
decelerate is 


FS AE ER VT fT 


/_ 2.891 T + KS: 

eo oT 

This equation gives the tin 
quired to decelerate from S$, to 5, 
the motor must reverse under vi 
load, the solution procedure cons 
solving two separate problems 
calculate the time required to « 





erate from S$, to O rpm by Eg (1s 2 
Bait 3 
and then add this time to the time i 
quired to accelerate from O to 5 & 
determined by Eq (17). 
If viscous friction is not present . 
ing a speed change, the average » : 
S$, 1s 
Sa = (Sz S,)/2, rpm 
and the revolutions made in 


S4/60 = (S, — S,) 1/120 
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It viscous friction is present, $4 1s 
lithcult to calculate. By choosing the 
yroper parameters, however, Eqs (17) 
ind (18) can be plotted as shown in 
Fig. 3. These curves can be integrated 
graphically to give the curves shown 
in Fig. 4, which show revolutions of 
: notor in elapsed time. If it is desired 
o know the revolutions made by the 
notor, determine /, and /» correspond 
ng to §, and S, from Fig. 3, and then 
letermine the revolutions made 
to f. from Fig 


rom 


i. Incidentally, 
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Fig. 3—Time to accelerate and deceler- 
ate a viscous friction load in terms of the 
ratio of actual speed to maximum possi- 
ble speed and equation parameters. 
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ate a viscous friction load in terms of 
revolutions of motor and equation para- 
meters. 


minus f; is the time as calculated from 
} Eqs (17) and (18) required for the 
speed change. 

To illustrate the use of the equations 
presented in this discussion, three typ- 
ical problems will be solved 








PROBLEM 1. A hydraulic motor is 
directly connected to a machine having 


mm an inertia load referred to the motor 
mm 6 shaft of 0.490 slug ft?. A pump with a 
3 pressure actuated control supplies oil 
[a © to the motor at a constant pressure of 
; 1300 psi with a return pressure of 120 
Mm = psi. The motor constants are 
: Iw = 0.043 slug fte (moment of inertia of 
motor) 
P, = 60 psi (frictional loss in motor 
D = 4.83 cu in (displacement of motor 
7 per revolution) 


If the machine does no external 
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work and friction is negligible, how 
much time is required to accelerate to 


1800 rpm from standstill 


SOLUTION 1. This problem deals with 
a simple inertia load and Eqs (9) and 
(9A) apply. 

Since no drag load is present, P, is 
zero 


, 1300 120 1180 psi 
across motor ports 
P, = 1180 60 1120 (pressur 
available for acceleration 


pressul 


Il =1,.- + 0.490 = 0.533 slug ft 
S S; = 1800 — 0 i800 
7.9 xX 0.533 1800 


1120 * 4.83 1.4 sec 


) 


-ROBLEM A 3,000 Ib reciprocating 
be operated with a 
motor by means of a chain 
in. dia sprocket. A 4 to 1 
reduction gear box, having a moment 
in inertia J;,; of 0.542 slug ft® referred 
to the motor shaft, between the hy- 
draulic motor and the sprocket shaft 
requires 50 Ib in. of torque to over- 
internal friction. The carriage 
wheels running on. steel 
coefficient of friction is 


Carriage is to 


hydraulic 
and a 3 


come 
has steel 


tracks, the 


1.007. Hydraulic motor constants are 
ly = 0.307 slug fts (moment of inertia of 
motor 
P;, = 180 psi (frictional loss in motor 
D =7.55 cu in. (displacement of motor 


per revolution 


If the line pressure is kept at 1600 
psi and the return pressure at 35 psi, 
how much time is required for the 
starting from standstill to 
reach a speed of 200 ft per min, and 
how far will the carriage travel before 
reaching that speed ? 


Carriage 


SOLUTION 2. This problem deals with 
linear motion, speed reduction and dry 
friction 

Using Eq (14), the 
of sprocket to speed of motor is 


Na/S = 1/4 


ratio of speed 


and the equivalent moment of inertia 
I, of the linear load is 


3 000 x (3/2 * 12 ‘ 
— 3 00% GR 12 (1) 
32.2 4 


= 0 091 slug fe 

l =ly+let+lh 
= 0.307 + 0.542 + 
= 0.940 slug fe 


0.091 


Motor speed S, at a carriage speed 
of 200 ft per min ts 
200 x 4 


3 x/12 


= 1016 rpm 


The torque Tp at the motor re- 
quired to overcome the friction of 
the carriage wheels on the 


rails is 


3000 X 0.007 Xk 3. 
-— 4X2 ~ 
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motor to do external WOrk Is 





0 940 101 { 
7 5 1600 5 180 4s 
0.747 s 
Aver ye spec { 0 ive s 
leration ts 
U0 i) 1? l 7 < 
and adista C 4 1A i\ . 
celeration 1s 
1.67 X 0.747 1.25 { 





PROBLEM 3. A pulpwood stirrer with 
a moment of inertia of 25 slug tt ) 
requires 3600 lb in. of torque to j 


operate at 909 rpm. A hydraulic moto 


connected directly to the stirrer has the | 
following constants 
ly = 2.74 slug fe (moment of inerta ; 
motor 
P, = 200 psi (fmetional loss in tor - | 
D = 20.05 cu in. (displacement 
per revolution . | 


How much time is required each 
900 rpm with a line pressure 0 


psi and a 35 psi return pressure 


SOLUTION 3 


viscous friction and Eq (15} applies 


This problen 


K = 3,600/900 = 4 Ib in 


I =25+2./4 2 4 slug | 
, 1700 5 1665 ps 
Motor output torque from Eq (4) 1s 
: . . : { 
= 20 O05 (1665 200) 2 x Z 
= 70 Ib in ’ 
Substituting in | (17 
2.8 3 ; 4 
On = 
+ + . 





can so De dere \ 
the aid of Fig. 3. For 
10 K = 4.670/4 = 1.168 \ 
speed possible 
tf 100 1.168 = 
Ane elapse } ic orrespo v 
771 T AK when a € g is 1.85 
] K or 
85 25/4 = 11.56s 
Conc.Lusion. With the hel; ¢ 
I 
equations derived in this ar 
designer, of course n Ww ‘ 
aitmicul ty determine re C press 
ceuc i ACTOSS the moto pe ‘ 
l e a machi f lesire 
when drag loads. it 
viscous oads K wr 
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EXAGGERATED EFFICIENCY CURVES illustrate three 
basic ways of using a single stage torque converter. In curve 
(1) the converter is used alone. A free wheeling reaction 
member and, or a secondary pump may be used to raise 


ethciency. In curve (2) a lock-up clutch is engaged to give 
full mechanical transmission at high speeds. The For!- 
Mercury choice (3), uses an automatic three-speed mechan 
ical transmission behind the torque converter. 


New Ford Automatic Transmission 


Designed for use with both Ford and Mercury automo- 
biles, this latest development in automatic transmissions 
is a joint product of the Borg-Warner Co., and the Ford 
Motor Co. The new system uses a single stage fluid 
torque converter of the simplest type, having only the 
three basic elements needed for torque multiplication. 
Connected to the torque converter is a three-speed 
mechanical transmission which changes gear ratios 
automatically to take advantage of top converter effi- 
ciency. The gear box is of the planetary type to permit 
shifting under torque. It has a gear set of the double 
pinion type, with three sets of long and short pinions 
and a ring gear. This total of nine gears provides three 
forward ratios, two geared and one direct, and one 


100 


reverse ratio. Two oil pumps, one driven at all times 
by the engine and one by the output shaft, deliver oil 
under pressure to charge the converter, actuate and con- 
trol bands and clutches, and pressure lubricate the 
entire mechanism. The transmission control system con- 
sists of a pressure regulator assembly, a hydraulic gov- 
ernor mounted on the output shaft, and the main h 
draulic control unit or valve body assembly where all «/ 
the manual and automatic control functions are centere:! 
Unlike several other manufacturers, Ford has not found 
it necessary to increase the power of its standard engir« 
because of the automatic transmission. This will answ«r 
one of the main arguments against the use of automat 
transmissions in automobiles. 
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CONVERTER AND TRANSMISSION OIL are cooled by air circulation TWO MULTIPLE DISK CLUTCHES 
through the converter housing. Fins cast on the pump cover serve the dual and two brake bands (above) determine 
purpose of providing cooling surfaces and vanes for pumping cooling air. power flow. Front brake band and servo 


Air is drawn in at bottom left side, passes through and is exhausted. mechanism; top, rear brake, bottom 






Flexible engine flywheel 











be A 
TORQUE CONVERTER ASSEMBLY contains only the is made of steel stampings, except for a forged hub. The 
three basic elements needed. Pump has a die-cast aluminum __ reaction member, or stator, is a die-casting 


cover and 31 stamped steel blades. The turbine assembly (continued on next page) 
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Ford (continued) 





DRIVER CONTROLS are located on the steer 
ing column. Positions on the selector quadrant 
are arranged slightly differently than on other 
automatic transmissions. From left to right 
(see illustration above) they are the Park posi- 
tion, Reverse, Neutral, Drive, and Low. In 
the Park position a pawl engages teeth on the 
periphery of the internal gear and locks the 
driven 


haft against rotation. The Drive posi- 
tion includes both High and Intermediate gear. 


While in the Drive position the High ratio 
(1 to 1) and Intermediate ratio (1.48 to 1) 
function automatically. Starting is ordinarily 
done automatically in the Intermediate range, 
which has a 1.48 to 1 the 
torque converter which has a ratio of 2.1 
to J, or a total equivalent of a 3.11 to 
1 ratio. This range is comparable to low 
gear in a standard transmission. The shift to 
High is automatically made at speeds between 
17 and 63 mph depending on the degree of 
throttle opening. Below 40 mph a tanual 
shift to the Low range places the transmission 
in a 2.44 to 1 ratio. Above 40 mph a manual 
shift to Low down-shifts the transmission to 
Intermediate range, where it remains regardless 
of throttle opening. Shifting between Low and 
Drive is possible at any throttle opening. 
Power flow is explained (right) by schematic 
diagrams. In Reverse, the pinion cage is heid 
against rotation by the rear brake band and 
drive is from the large sun gear across the 
long pinion, to the ring gear. This causes a 
reversal in direction between input and output 
shafts. In Neutral, both clutches and bands are 
disengaged. In Intermediate, the front clutch 
is engaged and the forward sun gear is coupled 
to the input shaft of the transmission, the front 
band holds the large sun gear against rotation 
and the pinion cage is free to rotate in the 
same direction as the input shaft, but at a lower 
speed. In High, both clutches are engaged 
and both bands released. All parts rotate to- 
gether to give a direct drive. Low gear is 


ratio, assisted by 


much the same as Intermediate, except that the 
rear band holds the pinion cage. 
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Die Castings 
Simplify 
Meter Design 


The Martin Red Ball parking meter 
uses nine zinc die castings in the body 
design. The company’s chief engineer 
gives these reasons for this extensive 
use: (1) dimensions are held within 
very close limits, (2) practically all 
machining is eliminated except drilling 
and tapping, (3) the process permits 
rapid production, and (4) gives a clean 
as-cast finish. The product’s most im- 
portant feature is the red ball which 
pops up to show a violatiou. The ball 
is easily visible at a distance. The new 
design is claimed to be especially tam- 
per-proof and impervious to weather. 
The Red Ball Parking Meter Co., of 
Benton, Ill., is a division of the J. W. 
MenHall Drilling Company. 





\ ORKING PARTS are of stainless steel or cadmium and 
chrome plated cold rolled steel. These materials play an 25 F and +120 F with 


important part in all-weather operation. Under conditions 
of high humidity followed by extreme cold, operation of wind is used in operation of th 
the coin lever will clear the ice and allow normal operation. form tension. Clock ope: 
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LEVERING COIN into the machine winds the clock mechanism and sets th: 


correct amount of time on the dial. The meter needs no 
as is common with many meters. Notice how few zinc 
to fabricate the entire parking meter shell 


CLOCK MECHANISM operates at 


ALLA 


minutes an hour. Only a fraction of the positive sprit 















periodic winding 
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Centrifuge 
Loads and Unloads 
At Full Speed 


An experimental machine made especially for the 
food processing field, the Georgia Tech continuous 
centrifuge can be loaded and unloaded while the 
machine travels at top speed. The radius of gyra- 
tion of each individual food container moves from 
zero up to maximum and then back to zero for 
unloading. Thus each container travels outward in 
a spiral and returns, with the loading and unload- 
ing taking place when the container holder axis is 
on dead center, exactly above the central axis. In 
the experimental machine the rate of discharge can 
be varied up to a maximum of three one-lb con- 
tainers a minute. Each container is whirled for 3 
minutes while being subjected to an increasing cen- 
trifugal force that reaches 334 g, maximum. During 
the stationary period, when a container is at dead 
center, the wet material, which has been previously 
packaged in a screened container, is inserted in the 
holder. The dry container is released at the same 
time and is pushed out through a discharge chute 
located in the hollow central axis. A production 


«> 


% tT°FH AT 


a ee el 


: a $ : 

J - oe ee F 
model of this experimental machine could have LOADING AND UNLOADING are accomplished simult: oe 
countless innovations. The machine was made in neously as each container comes into dead center positio! } 


: : , : , Spider arms are rotated by a system of reduction gears driver Bj are 
the Goccgie Tnstionte of Technsiagy’s Engineering from the central ring gear. The entire machine is driven by revo 


Experiment Station, which sponsored the project in variable speed electric motor which is belted to a sheave o1 nt 
j i i i rotating mm radi 
conjunction with the Tennessee Valley Authority. the lower end of the central rotating arm. 


Redesign Cuts 
Assembly ‘Time 
ENGINEERS of the Whitehouse Products Co., in 


Brooklyn, N. Y. redesigned the Beacon Camera 
first from the viewpoint of appearance, and second 
with an eye to manufac-uring economies. Expen- 
sive screw machined parts were replaced with stamp- ' 
ings. Stops and fittings were molded in the plastic | 


_ 
ae 
y 


case wherever possible. Eyelets were cxtensively fins — — 


used and all unnecessary parts left out. The new  pEpFsIGNED CAMERA and accessories have well style! SHI 
design includes a coated double lens system, and a _|ines, yet are low-cost products. Adjustments have box-can to f 


shutter designed for flash synchronization. simplicity to appeal to the novice photographer. ing 
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Pion 


FOUR CONTAINER HOLDERS are free to rotate about radius of revolution of any container 

their own axis on each of two spiders. These two spiders central axis will vary continuously between 

are rotated slowly about the spider axis, which in turn of zero and a maximum of twice the length of 
revolves rapidly about the central axis. Since the length arm when the spider has rotated 180 deg from 
of each spider arm is exactly equal to the length of the position. Each container holder thus travels out 
radius arm connecting the spider to the central axis, the center and returns on a spiral path 





SHUTTER SYSTEM must conduct small electric current fasten all parts. To reduce glare without a painting opera- 
to facilitate flash synchronization. Parts are largely stamp- tion, inside of camera is sandblasted while still in the mold 


ing of brass, nickel-silver, or phosphorous-bronze. Eyelets Shutter pinion is cut from a cold-drawn section 
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Welded Steel 


Construction 


Lowers Lift 
Truck Cost 


By redesigning two parts of their lift truck 
for welded steel construction, the Mobilift 
Corp., of Portland, Oregon, reduced costs 
by 20 and 30 percent, respectively, and at 
the same time reduced weight without sacri- 
ficing strength. In both cases durability 
tests conducted by the company show the 
welded structures to be stronger and less 
susceptible to damage under adverse condi- 
tions. The redesigned parts were a combi- 
nation flywheel and fan, and a fender. Both 
parts were previously made of cast iron. 
Welding equipment used is the product of 
the Lincoln Electric Co., Cleveland, Ohiio. 








STEEL SIDE FRAME SECTION of truck was previously assemble 
with a cast iron fender. Redesigned welded steel fender saved 30 px 
cent in cost, and reduced weight without loss of strength 





Stainless Steel 
Valve Meters 
Mixed Flow 


The Canada Dry “In-Fountain Dispenser” 
is an especially designed beverage dis- 
penser for use within the conventional 
syrup well of soda fountains. The most 
important feature, from a design standpoint, 
is the all stainless steel mixing valve and 
dispenser assembly made by the Hartford 
Machine Screw Co., Hartford, Conn. This 
screw machine-made valve automatically 
mixes soft drinks of any size between 5 to 
12 oz, with guaranteed uniformity of prod- 
uct. No icing is required, since the dispenser 
derives its cold from the fountain syrup 
well. The construction complies fully with 
the most recent sanitary code rulings. The 
plastic syrup tank and cover are molded by 
the General Electric Company. 


106 


MIXING VALVE is mounted in counter-type syrup tank. Mixed drit 
of consistently correct proportions is obtained by merely pressing t! 
lever. Mixing valve can be adjusted for different mixtures and syt 
viscosities as well as for different serving amounts. 
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WelJed stee/ 
fender 





CONTRARY TO NORMAL PRACTICE, the objective was to create REDESIGNED welded 


' } 
| 


1 lighter weight flywheel. Welded design reduced weight from 40 Ib has good appearance 


I 


to 24, and also developed about 10 percent greater cooling capacity. No apparent sacrifi 
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Syrup vent — 
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Corbonoted water — 
flow control 


Syrup intet 


i 
awe 


— Corbonoted 
; ef . 
4 woter inlet 


3 a-Neophrene seat 
»—Syrup chamber 





Metering rod 
Neophrene 
gosket 


oz 


FOR OPERATION, lever raises interior assembly. This opens Neophrene SYRUP FLOW’S from main tank into 25 
alve plug at bottom and allows measured amount of syrup to flow. At — stainless steel cooling chamber. No furth 


ume time upper Neophrene seat prevents the flow of more syrup into icing is required. Entire mixing valve is 


he syrup chamber. Carbonated water flows until serving glass is full screw machine made from stainless steel 
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Drilling Machine 
Has Variable 
Speed Feature 


The Model E-25 drilling machine, made by the Sibley 
Machine and Foundry Corp., South Bend, Ind., has 
several design features unique in its size and price 
range. Weighing only 765 lb, the machine has a 
25 in. swing and a table working surface of 15 by 23 


«> 





inches. The most unusual feature in a machine of this 

size is the infinitely variable spindle speed control. In 

the Model E-25 a standard Reeves Vari-Speed pulley 

is incorporated with a special Sibley adaption to give 

stepless speeds between motor and pulley limits. Two 

speed options are offered for any motor by the vse 

of different sized spindle pulleys. The machine can be 

powered by 1,800, 1,200 or 900 rpm motors with 

spindle speed options ranging from 2,160 to 206 rpm. 

The variable speed drive permits speed selection with- 

in each option range. A Stewart-Warner tachometer, O ceils Tans caians ol oypratliver fF mogadlie yeven 
perator can quickly set correct spindle speed for each del 

mounted at the front of the machine and geared to the size. The large swing of 25 in. is unusual for a drill ng 

spindle, visibly indicates the exact spindle speed. machine of this size and price range. 


% tT™TH AT 


ane. eo 


TACHOMETER keeps a constant check on drill s; 





Combination Lock 
Features Silent 
Tumblers 


Ordinarily, the surest way of picking a combination 
lock is to hear or fee! the tumblers drop into place. 
Older safe crackers sand-papered their fingertips to 
make them sensitive to feel. More scientific burglars 
have used everything from the stethoscope to super- 
sonic hearing devices. Now Sargent & Greenleaf, Inc., 
of Rochester, N. Y., has developed a “Manipulation 
Proof” combination lock that makes absolutely no tell- 
tale click when tumblers fall. This feature is obtained 
by having a manganese bronze lever ride noiselessly 
on the circumference of the drive wheel, thus keeping THE “Manipulation Proof” combination loc is either 4 LOC] 
the lever fence at least 0.030 in. away from the operated (above) or key operated. With key ope practi 
notched wheel tumblers. one user may possess key and another the combine! whee! 
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Hinged 
mounting 
pilote 


Geor segment 
positions motor 


CONTROL HANDWHEEL and worm turn the gear seg- 


ment, whick moves motor about hinged section. A Reeves 





Vari-Speed pulley mounts directly on a 1} hp Fairbanks 
Morse Axial air gap motor for variable speed control. 
£4} 


Nylon Movement for Pressure Gage 


SSURE GAGE MO 


THE NyYLON-ALUMINUM PRI 
MENT developed by Manning, Maxwe 


of Bridgeport, Conn desig 


thereby 


Inc., was 


duc e mass, 
sensitivity 


and lessen impa 
increase The 


, 
and is particularly corrosion 
provides the necessary 
t . 
nt 


to reduce impact 
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Locked position 


Round cam 





LOCK WITH INNER SPINDLE is departure from usual 
practice. The lever fence rides on round cam at rim of the 
wheel tumbler. There is 0.030 in. clearance between them 
Aucusr, 1950 
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Uniocked position 


WHEN TUMBLERS have 
can be moved with key or ! 


into the engaged position ana 

















_Axts of 
symmetry 


(¢) 





Fig. 1—(A) Cam composed of circular arcs with roller follower. Cam profile is symmetrical about the vertical centerline. (B) Eq 
valent slider-crank linkage when follower is on arc K.Ke. (C) Equivalent slider-crank linkage when follower is on nose of can 


Straight Line Follower 
Motions Obtained With 


many different types of motion to th 


Plate cams with profiles made up of circular arcs and tan- 


gents are easiest to manufacture and can often be used. 


Equations for displacement, 
derived from the kinematic 
and Scotch yoke with these 


OF THE MANY TYPES OF CAMS used to 
transform rotary motion into recipro- 
cating motion, the plate cams having 
arcs of circles, or circular arcs and 
straight lines, for their profiles have 
the advantage of being comparatively 
easy to manufacture. 

The axis of rotation of plate cams is 
normal to the plate. The motion of 
the follower is in the plane of the cam. 
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velocity and acceleration are 
similarity of the slider-crank 
types of cams and followers. 


The follower goes through a complete 
cycle and returns to its initial position 
during one revolution of the cam. 
The displacement, velocity and ac- 
celeration of the follower that is ob- 
tained with any type of cam, depends 
on the shape, size and angular velocity 
of the cam and the type of follower. 
Since eams can be made in various 
shapes, they can be designed to impart 


follower. Complex motions can 
obtained that might not be possibl« 
other means. In general, designers ar 
interested, not only in displacement of 
the follower, but also in its velocity 
and acceleration. In this article, 
cams composed of arcs of circles 
straight lines and the motions 
impart to roller and to mushroom fo! 
lowers, will be considered. 

Since the motion of followers act 
ated by cams composed of arcs of 
cles is kinematically similar to tha 
a piston driven by a connecting rod 
and crank mechanism, design e 
tions for displacement, velocity 
acceleration can be readily determined 
These equations are also an aid i1 
tablishing the dimensions of such « 
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aol symmetry 


Fig. 2—Layout for cam of Example 1 with 


roller follower. Cam has a lift of 0.375 in 


for a shaft rotation of 65 degrees. The radius of the follower roller is 0.600 inch 


M. F. SPOTTS 
Mechanical Engineering Department 
Northwestern University 


ircular Arc Cams 


to obtain a necessary desired motion 

In Fig. 1(A) is shown the left-hand 
side of a cam profile that is symmetri 
cal about the vertical centerline. The 
side shown is made up of three cir 
cular arcs with centers at points O, A 
and A,. The total rise L of the fol- 
lower takes place during the rotation 
of the cam through the angle 8. The 
roller follower is not offset. 

To analyze the motion of the fol 
lower, assume that the cam is station- 
ary and that the center line of the 
follower is rotating at the given angu- 
lar velocity in the direction opposite 
to that of the actual rotation of the 
cam. 

Over arc CK,, of radius r, with cen- 
ter at the axis of rotaton O, the fol- 
lower receives no displacement, there- 


fore, the values for velocity and a 
eration of the followei 
For all points contact 
follower on arc K.K, with the 
at A,, the distance from A 
ter of the roller is constant. Distance 
OA, is, of course, constant The 
kinematic relationship between the cam 
and follower is the same as that for a 
crank and piston in a slidercrank 

mechanism. This similarity is 

from Fig. 1(B). When the roller makes 
contact at any point on arc K,K,, 
length of the crank r is OA,, and 
length / of the connecting rod is radiu 
A,K, plus radius r, of the roller. Math 
ematical expressions for the displace- 
ment, velocity, and acceleration of th 


are zero 

or tne 
center 
to the cen 


oi 


] 
aiso 


apparent 


the 
the 


Or the 


piston of a slider crank mechanism 


thus apply to those for a follower 
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reasoning app! 
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K 
lin 
the crank » 
rod length / 
r., plus the radius 


1(C) 
the 


is equal to 


pressions for displa ement, 


, and 
rived. Take the origin of « 


at the head end dead center 


r plus / from the crank 


Where 


cente 


O di = const; é 
crank, deg per sec 
r = crank radius, in 
length of connecting 
=f = ratio of crat 
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of connecting r 
= angle between tl 
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= angle between ti 
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able I—Computations for Example 1. Circular Arc Cam With Roller Follower 












Point G 8 , l , ru sin @ cos 0 rcos 6 

B 11s°O 180°0 1 8472 3.2222 0. 57327 174 10 16,408 0 1 00000 1.8472 0 
R 136°37 158°23 1 8472 5. 9999 0 57327 174 10 16.408 (1) 26839 0 92967 —1}].7173 0 21 
By 158° 1 136° 4¢ 1 8472 3.2222 0.57327 174 10 16,408 0 68497 —~0 72857 —1.3458 0.39 
By 158°14 21°4¢ 0 9000 0 8500 1.05882 R4 8? 7,994 0 37083 0 92870 0.8358 0 39 
B 16,9°7 10°53 0 9000 0 8500 1 O5882 84.82 7.994 0.18881 0 98201 0 &&38 0 19 
By | { 


x0°O 0 0 9000 0.8500 1.05882 84.82 7 994 0 1 00000 0 9000 





> , i m cos* 6 ) 
Point o cos } lcos @ tan @ sin @tan | cos @ tang : Rise 
cos’ & 










Ro 0 1 00000 3.2222 0 0 0 0 5733 3 6944 0 0 an? 
R 12°11 5 0 97745 3 1495 0 21605 0 0796 —0 2009 0 5306 3 6369 0 0573 29.17 —7,855 
B. r+ ay 0 91968 2.9633 0 4269¢ 0 2925 —0.3111 0 3912 3.4517 0 2425 65 09 — 10,334 
R Yk oe ee 0 91968 0 7817 0 42696 0.1583 0.3965 1.1740 0. 1324 QO. 242¢ 65 09 15 544 
B 11°32 0 0 97981 Q 8328 0 20404 0.0385 0.2004 1 O855 0.0334 0.3417 33 Ol 16 , 22 
1 00000 0 8500 0 0 0 1.0588 0 0.3750 0 16,459 















Table Il—Computations for Example 2. Circular Arc Cam With Mushroom Follower 













<’\ Point a ¥ ’ rw ret |} siny | cos ¥ x Rise x x 
loa | | 

» K; 115°0 0 1.8472 174.10 16,408 | 0 1.00000 0 0 0 16,408 
° K, 125°3.4’ 10°34’ 1.8472 174.10 16,408 | 0.17462 0.98464 0.0284 0 0284 30.55 16,15 
: K; 135°6.8’  20°%6.8’ 1.8472 174.10 16,408 | 0.34388 | 0.93901 | 0.1127 0.1127 | 59.87 | 15,407 
¢ Ky 135°6.8’  44°53.2’ 0.9000 84.82 7,994 | 0.70571 0.70851 0.2623 0.1127 59.86 «|ClCOS: G64 
. re 150°4.5’ 29°55. 5’ 0.S000 84.82 7,994 | 0.49886 0.86668 | 0.1200 0.2550 42.31 | 6,929 
t.. Ky 16s°2. 2’ | 14°S7.8’ 0.9000 84.82 7,994 0.25820 0.96€09 | 0.0305 0.3445 | 21.90 | 7,72 
~ Ks 180°0 0 0.9000 84.82 7,994 0 1.ccecco 0 0.3750 | 0 | 9 


( ' | i 





Table 11[—Computations for Example 3. Straight Sided Cam With Roller Follower 








Point a 4 r/l rw rw? sin 6 cos @ r cos @ = sing 


, B: 138°10 ¢ 41°49.4’ | 0.59019 612.14 5,769.3 0.66684 0.74520 0.48401 0.39356 | 23°L 

at B Ly ye Ey 27°52 .9’ 0.59019 612.14 5,769 3 0.46764 0.88391 0.57410 0.27600 6°1 

. By 166°3 . 5’ 13°56. 5’ 0.59019 612.14 5,769.3 0.24094 0.97054 0.63037 | 0.14220 °10 
. B 180°0 0 0.59019 612.14 5,769.3 


0 1 00000 0 64950 0 














sin O@tan @ cos Otang _™ cos’ O ‘ 
Point cos @ l cos @ tan @ cos® @ ’ Rise " x 











91929 1.0117 0.42812 0.2855 0.3190 0.4219 1207 : 
961 1¢ 1.0578 0.28712 0.1343 0.2538 0.5193 0.1181 0.2569 44 1¢ 7 
98984 1.0893 0.14369 0.0346 0.1395 0.5732 0.0303 0.3447 23.29 

00C00 1.1005 0 0 0.5902 0 0.375% 0 


- 
~ 





ts te ts 
~ 
i) 
=) 












1 + 2 tan’ a; 


eaten at 





Point a a rotr)w (ro +r) wo tana sec @ xX sec a x = Rise ; x 

Bo 115°0’ 0 129.59 12,214 0 1 00000 1.0000 0 0 12,2 i 
B, 126°35 . 3’ 11°35 .3’ 129.59 12,214 0.20506 1.02081 1.1067 0.0286 | 27.13 13,5 : 
By 138°10.6’ | 23°10.6’ 129.59 12,214 0.42812 1.08780 1.4866 0.1207 60.35 18,1 : 




















dead center, as for contact K,, @ is From Fig. 1(A) the following rela- The actuating force of the cam is 


equal to 180 deg. and ¢ is equal to _ tionship is valid rected along A,B;. This force thus 
zero. Hence Eqs (6) and (7) then ae re a 11 a sidewise component on the follow 
become the magnitude of which depends 


The cosine theorem applied to tri- the value of angle A,B,O. This ai 








re se -rel-6 (9) angle OA,A, gives the relationship is the pressure angle of the cam. 1 
; Tr. 2 pressure angle must be kept sn 
Inspection of Figs. 1(B) and (C) Zo 12) enough so that the lateral force 


the follower is not excessive. Safe 
In Fig. 1(A)-the resisting force of ues will depend on the speed of op 
L =1cos @ +r cos 0 — (tf + Fy (10) the follower is directed along OB.. tion and resistance of the foilower 


shows that the rise LZ of the follower 


1s 
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XAMPLE 1. A cam composed of circu 
arcs is to have a lift L of 0.375 
for a rotation 8 of the shaft equal 

» 65 deg Speed of the shaft is 900 

ym. Distance between follower cen- 

r and cam center at maximum lift 

to be 1.750 in. Radius r; of follower 

ler is 0.600 in., and radius r, at nose 

f cam is to be 0.250 in. Find the re- 

aining dimensions of the cam, and 

ympute values for the rise, velocity 

id acceleration of the follower at dif- 

ferent Cam positions. 


SOLUTION 
going data as shown in Fig. 2, 
following data can be obtained, 


From a layout of the fore- 
the 


8 180 — 65 = 115 deg 
r 1.750 — 0.600 — 0.375 
775 in. 
775 — 0.250 = 0.525 in 
50 = 0.850 in 
50 = 0.900 in. 


2 
750 —.0.8 


Substituting these values in Eq (12) 
r+O0 5252? =F4+02— 
r x 0.9 cos 115 deg 


=] S4/2 


The remaining computations are 
given in Table I. Roller position at B 
is located on the bisector of angle 
B,OB,. Roller position at B, is located 
on the bisector of angle B.OB,. Two 
sets of computations can be made for 
B., one for each of the two slider 
cranks for this position. The calcula- 
tions should give identical values for 
the rise and velocity. There will be 
two values, however, for the accelera- 
tions 

The values for velocity, and 
acceleration are plotted in Fig. 3. The 
equations give results with positive and 


rise, 


negative signs consistent with the ac- 

yn of a slider crank. These have been 
an up 
ward motion of the follower has been 
taken as positive and downward mo- 
tion as negative 


disregarded in plotting Fig. 3, 


Circular Arc Disk Cams With 
Mushroom Follower 


In Fig. 4 is shown a disk cam com- 
posed of circular arcs actuating a mush- 
room follower. Arc K,K; has its center 
at A, and arc K.K, has its center at A>. 
Distance A,K, in Fig. 4(A) is con- 
stant for all points of contact between 
K, and K,. Hence the vertical move- 
ment of the follower is identical with 
the vertical movement of center A 
A Scotch yoke located at A, would 
therefore have the same motion as the 
follower. Where OA equals r, for 
contact at K, the follower has risen 
from its lowest position an amount x 
equal to 


1 — cos ¥ 13 
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Successive differentiations the 
equations for velocity and accelera- 


tion 


give 


=rwsiny 14 
\ =rw cosy 15 
In a similar manner, for arc K.K,, 
the follower has the same motion as 
a Scotch yoke attached at A,. Where 
OA, equals r,, for contact at K,, Fig 
i(B), the follower has dropped from 
its highest position an amount x, equal 
to 


l — cos vy) (l¢ 


Successive differentiations 
equations for velocity and acceleration 


y=ES rn 


give the 


, . 
yy =r; w sin yy l 


18 


’ 
X, =r, w COS Y) 


This type of cam as shown by I 
(17) and (18) has simple harmon 
motion. 
EXAMPLE 2 
values for rise, velocity 
ion of a mushroom follower 
»y the cam of Example 1 


Compute and plot 


and accelera 


actuated 


th 


t 
} 
t 


SOLUTION. This cam is shown in Fig 
5. Angle K.A,K, is divided into two 
equal parts, and angle K.A,K, is di 
vided into three equal parts. The com 
putations are given in Table II. To 
compare the action of a mushroom fol 
lower with that of a roller followe: 
when both are moved by the same cam 
the rise, velocity, and acceleration are 
plotted in Fig. 3 along with the results 


of Example 1. The results from Eqs 
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Legend 
— — — frarmpie /. Circular are cam. koller follower 
Example 2. Circular arc carn. Mushroom follower 
——-~——~—Ffxample 3. Tangent cam. Foiler follower 


Fig. 3—Plots of the rise, the velocity 


1950 


and 


the acceleration tor three 
































i—(A) Circular arc cam and equivalent Scotch yoke when follower is 


on arc K.KR.. 


(B) Equivalent Scotch yoke linkage when follower is on nose 























Axis of 
symmetry 


Fig. 5—Layout for solution of Example 2, in which the circular arc cam of Fig. 7 


Example 1 actuates a mushroom follower. Table II gives the computations. 


(13) to (18) are interpreted by tak- 
ing upward motion of the follower as 
positive and downward motion of the 
follower as negative. 


Cam With Tangential Sides and 
Roller Follower 


In Fig. 6 is shown a cam with a 
straight side for KoKs. Arc K2K, is a 
circle with center at A,; previous fe- 
sults apply for contact in this region. 

Additional equations are needed for 
the KK, portion. 

x = (ro + ry) seca — (ro + ry 

= (rg + rz) (sec a — 1) (19) 
Differentiation gives the velocity x for 
the follower, 


x = (ro +r) w sec a tan a (20) 
Differentiation gives the acceleration x, 


v= (ro+ry) w* (1 +2 tan?a;) seca, (21) 
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From Fig. 6 the following relation 
ships are apparent, 


ro rn, =n—L=r,cos Bp 
L=rn,(1—cos 8B 


EXAMPLE 3. Compute and plot the 
values for rise, velocity, and accelera 
tion of the follower actuated by the 
tangential cam shown in Fig. 7, for 
which the data are the same as for 
Example 1 except that a suitable value 
for radius r, must be found. 


SOLUTION: From Eq(23), radius 1 
is 
| s 
1 — cos B 


0.6495 in. 

1.75 — 0.6495 = 1 
1 — ry = 1.1005 — 0.6000 
0.5005 in. 

tT, + 7, cos 8B = 0 5005 + 0.6495 X 
0 


.42262 = 0.7750 in. 


0.375 


1 — 0.42262 


-" 


> 
yuunud 


1005 in 


™ 
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Fig. 6 
sides and circular arcs with roller follower 





—Cam composed of straight or tangent 





& 
N 
N 
S 


Layout for the solution of Example 
is straight sided and has a roller follower 


The remaining computations 
given in Table III and the re 
plotted in Fig. 3. As before, upwar 
motion of the follower is positiv« 
downward motion is considered 1 
tive. 

Any of the cams of the threc 


going examples might be used 


given application. The curves of fig 


} permit a comparison of the pert: 
ance of the three types. The 

arc cam with mushroom follower 

the tangent cam with roller foll 
raise their followers more quickly | 
the circular arc cam with roller 

lower. The circular arc cam with r 
follower has a slightly greater cha 
in acceleration when the foll 
makes contact at the junction betw 
the arc of different curvatures, co 
quently, the inertia forces in the m 
anism will be slightly larger with 
type of cam. 
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Fig. 1—Curvature of are 
can be readily calculated 
for straight, narrow strip 


of thermostatic bimetal 


Design ing 


6 (a, -ax,) (AT) «) + m)* 


t [sc + m)* + T+mn) (m? + 1_\} 


~ 


where 


R=radius of curvature 


O&, &2 are the lower and higher coef- 


ficients of linear expansion 
n nn. /F 


AT is the ternperature chanae, F 


rm = 


h, 
Fh,» rerio of metal thickness 
2 


t= overall thickness of bimetal strip, 


n= 


E, 


oh 
& ncenes 


s ratio of moduli of elasticity 


Bimetal Control Devices 


With many more combinations of bimetals now available, more efficient 


and economical design of equipment can be made. Applications, design 


formulas and tabular data for various types of temperature actuated devices. 


U. SAVOLAINEN 
Engineer, General Plate Div., 
Metals & Controls Corporation 

IN DESIGNING A THERMOSTATIC ELE- 
MENT for a thermometer, thermostat 
or other thermally operated device, the 
problem is one of choosing the most 
economical type of material and most 
effective shape of element. In addi- 
tion, this element must have the re- 
quired thermal activity—movement in 
response to temperature change—or a 
combination of both movement and 
force. The material having the highest 
thermal activity in the working tem- 
perature range is usually chosen, al- 
though this is not always true. If a 
thermostat is required to operate over 
a wide temperature range, a low ther- 
mal activity material may be best. 
Where the length of element is speci- 
fied for a given temperature range, a 
thin, low thermal activity material may 
be required. Increasing the bimetal 
thickness may be most effective in re- 
ducing the movement of a high ther- 
mal activity element. Besides thermal 
activity, factors such as corrosion re- 
sistance, thermal conductivity and elec- 
trical resistance influence the choice of 
material and design of the element. 

A bimetallic element consists of a 
laminated strip of two alloys having 
different coefficients of thermal expan- 
sion. A temperature rise, causes the 
alley with the higher coefficient of 


bonde d togethe I 
expansion iS 


these two alloys arc 
linear 
This restraint of one member against 


such restrained 
the other causes internal stresses which 
produce a curvature of the entire ele 
ment. If the temperature is uniform 
throughout the strip, its curvate 
be a circular arc 


1 
ire Will 


For a given temperature change, the 
curvature of an element is dependent 
upon several factors; they are: differ 
ence im expansitivities, (2. X11); 
ratio of the alloy thickness, /,//.; and 
elasticity ratio of the alloys, E, E, 
Fig. 1 illustrates this and gives the 
formula for calculating the radius of 


curvature. . If the metal thickness 


i] 


2 


Thickness Ratio, n= 








Ratio of Elasticities, m=: 


equal (/ 
the same (E, 


lL and this 


This formula 


fire ' dur 
ule iS AQT 


litference 


pansion and to the 





30 
E, 
E 








expansion (called expansitivity) to ex- 


Fig. 2—Thickness of bimetallic element should be altered when elasticities are greatly 
pand more than the other, but since 


different. Recommended thickness change is illustrated for different elasticity ratios. 
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Table I— Formulas to Determine Force, Defiection, and Stress of Therrnostatic Birmetal Element 





For specific value of 
constants see Table Il 


Unrestrained 
Deflection i Force i 


T T 
| | 
Restrained i 


Ratio P Stress 


B 








LINEAR MOTION 











(a) Cantilever strip 


2 (%— T)L* 
—V—_—__—_—_—_— 


b, (T, — T)) wt? 
re 


t * 





c2(T -T)? 
B ce 


2b, (%—T)wt* 
2 


2t L 








& 
(c) Simple beam 


4b,(T, — T) wt? 
p= 
L 





> Bh 1D be 


WN & 


(d) Double-helix coil 





Cs (R —T, LO 
B2 


— bs (Tz —Ty) wt? 


t D 








ANGULAR MOTION 





(e) Spiral 
coil 


\\\ 
hi 


LLL 


(f) Helix coil 
































b, (T — T) wt? 
p= ————— 


r 











6 P(r+e) 


wt? 








where: 
t— Thickness, in. 
w- width, in. 
i Active length of strip, in. 
@,~ Terque constartt, coils 
Q@,~ Force constont, strip, & U-shape 


@,-Force constant, double-helix coil 


b, — Torque-ternperature constant, coils 
b,- Force-ternperature constant, strip, & U-shape 
b,- Force-ternperature constant, double helix coll 
¢,— Thermal deflection constant, coils 
f2- Thermal deflection constant, strip, & U-shape 
¢,~ Ther:nai deflection constant, double-helix coil 


68— Deflection, strip, in. 


A- Anguior rotation, coils, deg 

P — Force, Ib 

e — Rodius at point lood is apslied, in 
(% ~—T}- Temperature change, F 

s — Stress, psi 

F — Flexiivity, ASTM value 50-200 F 


r— Radius of outside coil, ir. 





ratio of m = 1 gives maximum curva- 
ture and any slight variations in this 
ratio do not greatly affect the curva- 
ture of the bimetallic element. 

When the elasticities of the two 
alloys are appreciably different, a com- 
pensating change in the thickness ratio, 
m can be made for best performance. 
The optimum thickness ratio for vari- 
ous ratios of elasticity is given by the 
curve in Fig. 2. The importance of 
this graph, can be illustrated by a case 
where E,/E, = 4.0, altering the thick- 
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ness ratio from 1.0 to 0.35 increased 
by 27 percent the work performed by 
the bimetal for a given temperature 
change. The work that a bimetal can 
do is proportional to the deflection 
constant squared times the torque or 
force constant. 


Types of Bimetallic Elements 


Many different shapes of thermo- 
static metals are obtainable. They can 
be divided into six basic types as 
shown in Table I, which presents the 


Propuct ENGINEERING — 





Table II—Allowable Working Stresses ! 
Ferrous Alloy Elements Operating 
at Different Temperatures 





Allowable Work 
Stress in ps 


Max operating 
Temperature F 


75 25 ,000 
300 23,000 
500 18 ,000 
700 13,000 
900 5,000 

1000 Oto 1,000 








Aucust, 








(A) Unrestrained 


(B) Completely Restrained 


w expornsion a 4 














Fig. 3—Internal stress distribution in bimetallic strips is affected by a temperature rise, difference in expansitivities, and constraint 
(A) unrestrained strip has arc of uniform curvature; (B) completely restrained; (C) cantilever exerts force due to end-restraint 





Table I11l—Thermostatic Properties of Most Common Bimetals 


CONSTANTS FOR 


EQUATIONS IN TABLE 


ELEC- 
TRICAL 
RESIST 


ANCE 





F20R 

F100R 
B125R 
B400R 
PO7SR 
P8SOR 


6010 














High t 


operating tems 


Higt deflect 
purpose tyy 
High temy 


use to 1000 F 


ate 
300 | 
deflect 


ect 








elements in two groups depending 
upon the type of motion produced: 
linear or angular. The straight strips 
(a), (b) and (c) give essentially 
linear small temperature 
changes. The spiral and helix coils 
(e) and (f) produce rotation and are 
therefore particularly adapted for ther- 
mometers or dial-type Seton. The 
spiral coil is the most compact type of 
element. 

The double helical coil (d) either 
lengthens or shortens with temperature 


motion tor 


Propuct 


increase, depending upon the direction 
of primary and seconcary coiling, also 
whether the higher expansion element 
is inside or outside. Disregarding 
slight angular rotation, this device will 
produce true linear motion. Because ot 
the long length of strip metal making 
up the coil, it has a high rate thermal 
activity and relatively high electrical 
resistance. For linear motion it is the 
most compact design for a 
length of bimetal 
Formulas are 


given 


river } 
given in 
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») have the 


simplest motion 
and the spiral coil (e) is the simplest 


ror angular monuon [ a given 


length and t 


cross sectional area, the 


cantilever-type element (a) gives twice 
‘ . " 


na 


‘However 


that the force relatio 


notion of a sin iC < ! 


that of the U-shape 


proportiona to 


to work prod 
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Termperature aea F 








Fig. 4 


by each of the first three types would 
be identical. For limited space applica- 
tions the double helix coil has greater 
possibilities much greater 
length of bimetal is possible, but it is 
more complex in shape. Of the angular 
types (e) and (f), the choice of either 
would be dictated by the space limita 
tion since the formulas for both are 
identical. 


since a 


Internal Stresses 


The curved shape of a heated bi 
metallic element is a result of the in- 
ternal stresses which are created by the 
thermal expansion of one component 
that is restrained by the other. In addi- 
tion, there may be stresses that are pro 
duced by mechanical loads. To insure 
reliable and durable performance both 
of these stresses must be considered 
Residual stresses which are caused by 
the manufacturing processes, such as 
rolling, bonding, flattening, and heat 
treating, cannot be calculated and 
therefore must be cornpensated for in 
terms of a lower allowable stress. 

Internal thermal stresses created in a 
simple bimetal beam are shown in Fig. 
3. If this strip is uniformly heated and 
not restrained, it will become deformed 
to the extent given by the movement 
formula, see Table I (c). The magni- 
tude and distribution of these internal 
tresses are shown in Fig. 3 (A). If 
this strip were fully restrained as in 
Fig. 3 (B), the internal stresses would 
change as shown. In a cantilever 
thermostat which is mechanically re- 
strained at the free end, the internal 
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Choice of bimetal for electrical applications is simplitied 
by a large selection of electrical resistances which can be used 
over a wide operating temperature range up to 1000 F. 





Choice ot 
operating 


Fig. 5 


under 


stress would be a maximum near the 
support; see Fig. 3 (C). Note that the 
magnitude of the stress at the bonding 
surface is identical in each case 

Cantilever strip of uniform 
section is not efficient since it is worked 
to full capacity only at the clamped 
end. A tapered cantilever of uniform 
strength will give, for the same volume 
of thermostat metal, 33 percent greater 
contact force and 43 percent 
stress. This type gives better economy 
due to uniform distribution 
throughout the length. Another de 
sirable feature of tapered strips is their 
tendency to lessen troublesome vibra- 
tions as a result of the mass being con 
centrated nearer support. 

Stresses caused by mechanical load- 
ing can be calculated considering the 
element as a single or isotropic mate- 
rial and using the usual] formulas. This 
is not theoretically correct but serves 
for all practical purposes. The modulii 
for different bimetals listed in Table 
III has been experimentally determined 
and can be used when necessary. Since 
the that a thermostat metal 
element can stand without taking a 
permanent set depends upon the tem- 
perature and previous history such as 
the rolling, forming and heat treat- 
ment, high safety factors must be used 
to arrive at the allowable stresses; val- 
ues are given in Table II. 


cTOss 


less 


stress 


stress 


Force vs. Deflection 
There are three general ways which 
thermostatic elements are used: (1) 
Free deflection with no restraint; (2) 


temperature 
thermal activity constants for typical bimetals are illustrated 


the thermal 


The 


based on 
conditions. 


bimetal is actin 


instantaneo 


Force exerted while completely 
strained; (3) Combination of (1) ar 
(2) where both the torce and defl 
tion are specified. The formulas 
Table I can be used to calculate ite 
(1) and (2); item (3) req 
further explanation. 

Since the temperature change 
sponsible for either deflection or for 
it can be used to solve the 
where both deflection and force 
involved. This can be done by 
sidering that a part of the tempera 
change causes the required deflect 
and the remainder develops the p: 
sure. Any part of the temperat 
change may be applied either way 
the size of the thermostat will depe 
upon the proportions used. Howe\ 
for best design and for maximum ¢! 
fectiveness, one half of the temp 
ture change should be used to prod 
the deflection and the other halt 
developing the force. 


ODI 


Electrical Thermostats 


An increasing number of prod 
are made, such as thermal relays, 
cuit breakers, and motor overload p: 
tectors in which heat generated by p 
sage of an electric current throug! 
thermostat metal element operates t 
device. Such applications require 
variety of thermostat metals covering 
wide range of electrical resistivit 
These devices were formerly all ma 
with the same type of bimetal, 
different ratings being obtained 
varying the size and shape of 
element. But the manufacturers 


wide 
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red to make a line of circuit breakers 


| of the same physical size but by 


anging the element material. A 


ne of thermostatic metals was de- 
eloped to control the power in uni- 
rm steps from low to high 
The heating effects of an electric 
rent 1s 
HH] rit 
4.18 


here H is in calories, r is Resistance 
1 ohms, / is current in amperes, and # 
time in seconds. 

The temperature rise (disregarding 


eat losses) of a 


€ resistor 1s given Dy 
= Geer 
7 
VS 


vhere T is the temperature rise in deg 
F, M is the mass in grams, and § is the 
specific heat 

Note that the heating ettect 
portional to # in which 7 


o the current 


is pro 
is analogous 
rating of a breaker and 
is analogous to the electrical resistiv- 
ty of the thermostat metal. Through 
ut a line of circuit breakers, the heat 
ng effect which is proportional to 

t be a constant for uniform tripping 
time. Therefore, for a given bi-metal 
element the series of thermostat metals 
nust vary in electrical resistivity as the 
square of the rating of the circuit 
sreaker. The following equation is 
iseful in designing a line of breakers 
since after experimentally determining 
the type of material for one rating the 
others can be approxirnately calculated 
¥y means ot: 

PR = 
where J is the Current rating of breaker 
and R is the Resistivity of thermostat 
netal 


Constant 


This equation is useful also in deter 
mining whether the design of the 
line of breakers is such as to make best 
ise of the range of resistivity materials 
available. The highest rating should 
use the lowest resistance material and 
the lowest rating the highest resistance 
material 

The range of electrical resistivities 
available before the advent of special 
electrical restivity series is illustrated 
by the thermostat metals listed in the 
following table: 


Electrical Resistivity 
Thermostat at 75 F. in 


Metal Ohms per cir mil ft 
W 90 
¥ 95 
Y 345 
Z 500 


The special thermostat metals de- 
veloped to meet these needs were, 
based on standard thermostat metals 
such as type Z in above table. The 
resistivity was varied by incorporating 
third layer of variable thickness of 
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a relatively low resistivity metal. This 
filled in the range from 
ohms cir mil ft. A series from 20 to 
100 ohms per cmf. utilized high con 
ductivity copper alloys tor the 


125 to 470 


layer. The resistivity of such an € 
} ] ] + , ] ’ ’ or 
ment can be calculated easily consider 


ing the three laminations as a parallel 


circult 
100 
vo | Mt R 
where and are the thicknesses 
of components in percent of the tota 
thickness of the three; r,, » and 7 


are the resistivities of the three com 
and R is the 
ohms per cit 


Fig 


nerature of a series of electrical thermo 


ponents ; resistivity in 
mil ft of the combination 


i gives the resistivity vs. tem 


static metals whose resistivities at 75 I 


over the range from 20 to 850 


hms cir mil ft Ihe resistance vs 
temperature 


information 1s important 


in design work since it (1) 
the operating tem 


rate of 


provides 
tne resistance at 
>) th 


ris¢ ( COC 


perature, (. increase with 


temperature incient of fre 


sistance) and (3) the 


resistance 
temperature 


room 


Important Properties of Alloys 


In chosing the metal components of 
the thermostat, several! factors must be 


kept in mind to produce an efficient 
economical, and accurate finished prod- 
uct. First, rate of thermal 
activity is proportional to difference in 
the coefficient of expansion (called ex 
pansitivity) of the two components, 


materials must be 


since the 


chosen to have as 
low and as high expansitivities as pos 
le. Also the rate of change of the 
expansitivities must be such to give the 


sil 
required linearity, or required devia 
tion from linearity of thermal activity 
over the required operating tempera 
Usually 


ture range a bimetal with a 
constant expansitivity is desirable; al 
though for special applications varying 
expansitiviites are used to give the re- 
quired thermal activity 

A list of typical bimetallic materials 
is given in Table III; included are the 
data essential to solve the force and 
deflection equations given in Table | 
Since the values for flexitivity and the 
constants in this chart apply to a tem 
perature range of from 50 to 200 F, 
additional information is required to 
design for a higher operating range 
For this range, Fig. 5 should be us 


C 


Measuring Thermal Activity 


The thermal activity or ‘‘flexitivity 
as it is called in ASTM standards, is 
one of the most important factors of 
bimetallic elements and is defined as, 

the change in curvature of the longi- 
tudinal center line of the specimen per 
unit temperature change 


ner = 
per unt 

















r 
t . ‘ 
+ ‘ 
x . x 
— a 
ected 
Fig. G—Flexitivity is found by measuring 


deflection of bimetal strip which has been 


subjected to a change in temperature 











NHICKNESS I S Givel \ c ( 
in Kig It th neta R ‘ 
utially straight, o R O ; 
forn la edi es to 
| (-:) 
Flex 
Today is possible to obta 
metals which possess almost any cha 
acteristic desired. Such special data can 
%« obtained from the manutacturer of 
umetals. However, da Table Ill 
overs the most ™ Af lovs 
After choosing the type o ate 
the shape of element has to de 
mined such that it will move in a 
proper manner to perform the required 
operation and that will fi o the 
space va 
Manufacturing Tolerances 
In calculating the proportion and 
$1zes ol! ’ IT wid lic elen ents il nost i \ 
thickness can be made. To f t 
the dimensioning Table IV was p 
pared which gives standard manufa 
ring tolerances of S ¢ 
Table IV—Standard Manufacturing Tol 
erances of Bimetallic Materials 
i — 
. 
0 005 to 0 O1¢ 0 oooss to 4 0 004 
0 010 to 0 O18 0 on040 it 0 OOS 
0 O18 to 0 020 0 opos it 3 or 
0 020 and ut 2s at s oO O11 
R 00 
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W. B. STRICKLAND 


Franklin Institute Laboratories for 
Research and Development 


HYDRAULIC APPLICATIONS have 
increased with improved flow con- 
trols. The most effective method 
of controlling the fluid is at the 
pump. The design of both the 
radial and axial piston pumps lend 
themselves to variable-delivery by 
simply changing the pump dis- 
placement. Thus, the output can 
be altered without changing the 
speed of the motor. This method 
eliminates the power loss that is 
caused by either throttling or by- 
passing fluid. In addition, such a 
control device can change the di- 
rection of flow without requiring 
special valves or altering the direc- 
tion of the driving motor. With 


these controls, the pump is well 
adapted for both heavy-duty serv- 
ice or for accurate drive control of 
such equipment as machine tools. 
Sketches illustrate the method by 
which the pump displacement and 
pressure are regulated. 






Contro/ 
bracket 


ODischorge ; 
pressure-— 








FIG. 2—AUTOMATIC PRESSURE REGU- 
LATION is performed by balanced forces 
acting between plunger and compression 
spring. Pump remains in full stroke position 
until pressure on plunger overcomes the 
spring force and returns pump to a leakage 
stroke which sustains the pressure. Adjust- 
able nut on spring sets discharge pressure. 
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FIG. 1—MANUAL DISPLACEMENT CONTROL by handwheel 
floating ring to an off-center position. Cylinder body is driven on-center and at 
eccentricity of the floating ring causes relative motion between the pistons an 
cylinders during each revolution. Adjusting floating ring changes flow from zes 
to maximum in either direction. This type is used where high pressures are require 
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FIG. 3—REVERSING CONTROL is combined with displacement and pressure 
vice. Clockwise handwheel rotation increases flow from flange A. ‘Work-spring fo! 
determines discharge pressure. Counter-clockwise handwheel motion J 
flow from flange B; thus reversing flow. Device permits wide range of work! 
pressure that is independent of pull-back pressure, which is usually constar 
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FIG. 5—DISCHARGE PRESSURE is automati 

i—MANUAL DISPLACEMENT CONTROL consists of handwheel and cally controlled py balanced forces acting between 
«wv shaft which alters angle of tilting box, or “wobble plate.” Larger pressure plunger and adjustable compression spring 
e increases the piston stroke and produces higher flow. Reversed flow Pump remains in full stroke position until pressure 
»ssible by simply changing angle to other quadrant. Axial piston pumps on plunger overcomes spring force and returns 
fren used where high displacements at lower pressures are necessary. the tilting box stud toward the neutral position 
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6—PRESSURE AND )ISPLACEMENT FIG. 7—REVERSING PRESSURE CONTROL consists of a double-acung 
NTROL is obtained by combining mechanism in plunger and springs in addition to the device in Fig. 6 
5 with a handwheel. Each control operates in- of handwheel moves tilting box stud below center, and causes pump to deliver 
dently. Handwheel regulates displacement fluid at working pressure which is controlled by work spring. Counter 
Piston-spring mechanism maintains pressure. clockwise wheel motion moves box stud down and produces reverse flow 
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Design and Construction 


Ot Wide Face Steel Pulleys 


A design analysis of low cost wide face steel pulleys. Types of hub constructions. 


How general proportions and operating conditions affect rim and disk thickness. 


The author herein presents data not previously available 


W. A. WILLIAMS 


Chict Engineer, The American Pulley Company 


SIMPLEST TYPES of 
transmission elements, the 
pulley, has taken on increased im- 
portance with the advent and wide- 
spread acceptance of industrial belt 
conveyor systems. When designing 
such pulleys the problem is to provide 
sufficient strength in the rims and 
disks to prevent breakage due to high 
stress, and at the same time provide 
for sufficient flexure in both the shaft 
and pulley that neither breaks due to 
shock loading, or that the pulley 
“walks” on the shaft. 


ONE OF THI 
power 


Hub Constructions 


Up until about 20 years ago, almost 
all conveyor pulleys were made of cast 
iron and were designed with a two- 
arm construction, Fig. 1(A).  AI- 
most all manufacturers of these pulleys 
had some difficulty with arms break- 
ing, and many of them discovered 
that the cause of this breakage was 
due to the tendency of the shaft to 
deflect and carry the hubs with it. 

Later, interchangeable-hub welded- 
steel conveyor pulleys, Fig. 1(B), ap- 
peared on the scene. These pulleys use 
interchangeable bolted hubs that have 
tapered shoulders accurately mating 
with similar tapered recesses in the 
disks. Hubs are held in position by six 
or eight bolts, depending upon the hub 
size. The reason for the tapered fit 
is to provide a positive engagement 
between the hub and the disk to with- 
stand the direct belt-pull load which 
must be transmitted from the rim of 
the pulley through the disk and hub 
onto the shaft. The advantage of re- 
placeable construction is that stock 
pulleys can be adapted to the shaft 
size that is made necessary by loading 
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sary for proper design to prevent arm breakage and 


and bearing spacing and custom design 
manufacture ts not required. 

When pulleys are made to order 
for specific application it is almost 
as easy and the cost is about the same 
to employ a construction as shown in 
Fig. 1(C) in which the hubs are solid 
steel and are completely welded into 
the end disk. This construction has 
been found to be most satisfactory for 
heavy duty and unusual applications. 
Also, accurate calculation of the disk 
stresses is relatively easy with this 
type of unit, whereas the bolted-hub 
design leaves something to be desired 
in this respect. 


Disk Stresses 


Perhaps the initial attack point in 
designing a welded steel pulley is the 
pulley disk. A steel pulley with a thin 
disk, Fig. 2(A), allows the shaft to 
deflect as it naturally would by virtue 
of the two loads applied to it through 





Table I—Disk Constants for Various 
Disk-to-Hub Diameter Ratios 


Ratio of Hub 
Dia to Disk 


Disk Constants 











Dia d/D 8 a 
0.1 6.06 0.87 
0.15 5.40 1.23 
0.20 4.52 1.68 
0.25 3.40 2.31 
0.30 2.65 3.10 
0.35 2.15 4.00 
0.40 1.75 5.45 
0.45 1.45 8.20 
0.50 1.14 12.40 
0.55 0.888 18.00 
0.60 0.684 28.5 
0.65 0.568 44.0 
0.70 0.466 77.9 
0.75 0.346 156. 
0.80 0.262 314. 
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and data that is neces- 


“walking” on the shaft. 





the hubs. The disk is thin enough 
that it does not restrain the shaft 
appreciably. A pulley made with thick 
disks that do not bend appreciably 
as a result of the bending moments 
applied to them causes another type of 
shaft deflection—from the hub out 
ward—and for all practical purpose 
the shaft as shown in Fig. 2(B) could 
just as well be cut off between the 
two hubs. Between these two ex- 
tremes lies a range of thicknesses that 
cause high disk stresses, unnecessarily 
high bending moments on the hu 
and eventually pulley breakage. 

Using basic data obtained fror 
Roark’s ‘Formulas for Stress and 
Strain,” Second Edition, page 210, t! 
following formula for the disk stress 
has been developed: 


P) (8) (L — X)(X 


l X 
f (72) (7.) + 
4) (D) "4 1) (3 zr) 


where § is the radial stress in 
disk at the hub, lb/in.’; P is the total 
resultant belt pull on the pulley, | 
d is the hub diameter, in.; D is th 
disk diameter, in.; « is the disk cor 


stant, Table I; 8 is the disk constant, 


Table I: L is the center-to-center dis 
tance between bearings, in.; X is ¢! 
center-to-center distance between dish 


in.: ¢ is the disk thickness, in.; and /, 


is the moment of inertia of shat 
inches*. 

To find the thickness that produ: 
the maximum stress, the previo 
formula is differentiated with resp« 
to disk thickness, ¢, and then set 
zero, thus yielding the point on ¢! 
curve having maximum stress. T! 
relationship is: 

| é 
aX 

The actual disk stresses versus dis 

thickness for a typical small-diame 


1? = 
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Fig. 1—-Wide face pulley constructions: (A) cast, which was commonly used in the past; (B) interchangeable hub, welded stec! 
which can be adapted to any required shaft size; and (C) welded with solid steel hub, for heavy duty applications 





Be/t -pul/ 


rrevrevrererrrerr ees 
= ai 


Fig. 2—Effect on shaft of different disk thicknesses: (A) a thin Fig. 3—How disk stresses vary with disk thickness for a typical 
lisk allows the shaft to deflect naturally; (B) a thick disk causes small diameter wide face pulley. Note that the stresses increase 
e shaft to deflect from the hub outward. to a point, with increasing material thickness 


illustrated in Fig shaft. On small puileys 
reases almost in a_ loads are light, rigid hubs 
about 3 in., and factory, however. 
increases at a lower rate until To determine the effect of the " 
stress of approximately 26,500 psi tion of the hubs or the end disks of 
s reached at a thickness of about 0.4 a conveyor pulley, it is necessary to 
ach. Beyond this point the stress falls analyze Eq (1). If the two disks are 
ff as the disk thickness is increased close together, (X approaching zero), 
Thus, for an allowable working fatigue the angular deflection of the shaft at 
are two disk thicknesses the point of hub location is small 
utilized: one a thin disk therefore the disk stress is 
a thick disk. Between if the disks are far apart 
limits a higher stress is in- mating L), the shaft deflection 
vitable. This represents one of the small and thus the disk stress is sn 
ew cases in design where increasing Somewhere between these two 
material thickness results in a higher, tremities the shaft deflection for 
rather than in a lower stress in the given loading must reach a maximun 
part Differentiating this equation with re 
The disadvantage of employing spect to the X dimension reveals that 
hick disks to reduce stress is that the this maximum occurs when X is equal 
ending moment on the hub and there- to 4 L. It so happens that in most 
ore on the hub bolts is increased, and _ pulley applications the logical location 
lso that there is a tendency for a hub of the hubs, due to the length of bea: 
ore to wear and pound out, thus ings and frame clearances is close 
mitting the pulley to walk on the this maximum point Then us 
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cation engineers with some means of 
determining what shaft sizes must be 
used for various applications. It has 
been found practical to simplify Eq 
(1) by assuming that the pulleys al- 
ways will be of the thin disk type and 
that the restraining effect of the disk 
on the shaft will be small. This re- 
sults in safe shaft selections and greatly 
simplifies the formula that the pros- 
pective designer must employ. 

The moment of inertia of the mini- 
mum shaft size can be calculated from 
the equation: 

(P) (L— X)(X) . 

R (3) 

in which K is the product of the al- 

lowable angular deflection of the hub, 

¢,, the modulus of elasticity, E, and 

the constant, 8. The allowable angular 

deflection g, is given by the expres- 
sion: 

5D , 
la BEt (#) 


Values of K can be readily deter- 


v= 


Fig. 4—How a pulley rim deflects during operation. 


more flexible and for a given angular 
deflection yield a somewhat lower 
stress. To correct for this error, a 
slightly higher disk stress is allowed 
and the bolt circle diameter is used 
as the hub diameter, d. 

Also, Eq (2) does not take into ac- 
count the stress in the shaft and it 
is therefore necessary to check shaft 
stress in all applications to make cer- 
tain that the combined stresses in the 
shaft do not exceed a safe value ac- 
cording to the ASME code. Heavily 
loaded medium and narrow face 
pulleys are most apt to require atten- 
tion because of shaft stress, whereas 
wide face pulleys are more apt to re- 
quire larger shafts due to deflection. 


Rim Thickness 


Another element of the pulley that 
must be given a great deal of atten- 
tion is the rim. Naturally it is neces- 
sary to employ thicker rims for heavy- 
duty pulleys than for light-duty pulleys, 
and it is natural to reason that there 


CULL 1h) kG 
from belt tension 


SS “A 
AN 
\ 


fension 


Deflections are small and 


are localized but high stresses may be developed as the pulley rotates. 


mined for all sizes of pulleys. It is 
important to make certain that the 
hub bolts are strong enough to with- 
stand the maximum bending moment 
that will be imposed on them, and 
that the direct radial stress in the disk 
in combination with the bending 
stresses do not exceed the fatigue 
limit of the materials. 

Tests indicate that bolted hubs do 
not behave exactly as the Eq (1) 
would predict, but rather are somewhat 
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must be some relationship between 
the required thickness for a given belt 
pull, Rometer of the pulley, and face 
width. These relationships are difh- 
cult to pin down, and it has only been 
as a result of a series of tests and ex- 
perimental stress determinations that 
anything like a rational method of de- 
termining required rim thicknesses has 
been shtnined. 

For an infinitely long cylinder sup- 
ported at either end, the stress is given 


by the formula: 


0157x% TR 
s, = 21STX TR 


where T is the belt tension on 
is the pulley radius, in.; ¢ is the 
thickness, in.; and S, is the ten 
stress, pSi. 

Thus the stress increases dire 
with an increase in belt pull and pulley 
diameter and decreases with an in- 
crease in rim thickness. Experimental 
tests on actual! pulleys using a spe 
strain gage, however, have not 
fied this equation, and it has 
found that the rim deflection decreases 
with increase in pulley diameter 
a given pulley width and rim thick 
ness, the reason being that conve; 
pe are actually not long cylinders 

ut are short cylinders. It is possible 
to correlate the relationship betweer 
the spacing between disks and 
diameter as these dimensions affect the 
stress in the rim for a given belt pull 
and rim thickness. The result of th 
work has provided an empirical 
method of computing rim thicknesses 
to meet the conditions of belt pull 
by computing the rim thickness theo- 
retically, using a practical allowable 
stress and then adding an allowance 
for rim wear. Of course, this allow 
ance is mot necessary when pulleys 
are lagged, but is decidedly necessa: 
when pulleys are not lagged. 

Small-diameter, wide-face pulleys 
with a large width to diameter ratic 
actually approach the conditions of 
an infinitely long cylinder. In suct 
cases it is helpful to use a center disk 
but this is only of value if i 
properly installed. The deflections that 
occur in a pulley rim are very small 
and localized, and unless the cente: 
disk actually is a perfect fit it i 
sible for the rim stresses to dev: 
in spite of the introduction of a <enter 
disk. To illustrate the reason fo 
Fig. 4 has been drawn to show 
nature of deflection that occurs in a 
pulley during operation. There is prac 
tically no change in the diameter ander 
load, and yet the rim actually distorts 
and can develop high stresses 
given pulley secticn rolls from a 
of no-load into a point under the 
where it is heavily loaded. The 
occurs at the transition point bet 
no-load and full-load on the pu 
Thus any one section of the r 
subjected to two full reversals 
revolution. Obviously if the 1 
welded, as most of them are, 
the welded joint that is subject 
the most suspicion. It is necessa 
insure full weld penetration so 
the joint does not have an inh 
notch effect, resulting in a stress-ra 
capable of causing failure prematur 
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TEPS IN STITCH FORMATION 
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Stitch forming-- 
echamsm cont 

aimng bobbin of 
ower thread 





Pp 
Loop is wrried 





Point of stitch forming mech 
+ is ism catches loop and carrie 
it around. More thread is 
provided by the take-up mech: 
anism for widening of loop. 


Needle pierces material and 
carries upper thread to the 
underside of material. When 
needle starts ascent, loop 
is formed in upper thread. 


mechanism. Tt 
anism storts retr 





Kinematics of 






Mechanical linkages for deriving periodic oscillating, recip- 
rocating and rotary motions from a main shaft rotating at 
uniform angular speed. Basic mechanisms that are used in 
all home sewing machines are described and their charac- 
teristic kinematic advantages and disadvantages compared. 
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h O. E. TEICHMANN 
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‘ Armour Research Foundation, Illinois Institute of Technology 
M@ SATISFACTORY PERFORMANCE of a_ needle carries the upper thread to the 
5 sewing machine results from the prop- underside of the material. The stitch- 
Ip erly timed operation of a number of forming mechanism does the interlink- 
f component mechanisms. Each mech- ing. The take-up mechanism in con- 
s anism fulfills one special task. How- junction with the “tension” regulates 
ne ever different the various designs may the thread supply and tightens the 
a be, the following component mechan- stitch in the middle of the material. 
c isms are used on all models. The feed mechanism moves the ma- 
f 1. Stitch-forming mechanism. terial by the length of one stitch after 
rts 2. Mechanism for imparting move- the stitch formation is finished. In 
a ment to the stitch forming mechanism. ll sewing machines, the number of 
nt § 3. Mechanism for deriving needle stitches completed per minute is iden- 
elt movement. tical with the rpm of the main shaft, 
$5 4. Upper thread take-up mechanism. that is, one stitch is finished during 
5. Tension one revolution. 
6. Presserfoot 
S 7. Feed mechanism STITCH FORMING MECHANISM. This 
y 8. Feed reverse and stitch-length- mechanism interlinks the upper and 
s changing mechanism. lower thread, Fig. 1. The type of this 
S All home sewing machines use the mechanism differs according to the 
) Ti lock stitch, Fig. 1, which is formed by _ kind of interlinking member employed, 








an upper or needle thread and a lower 
or shuttle thread. These two threads 
are interlinked by passing the upper 
thread around the shuttle or bobbin 
containing the lower thread. The 








which can be a shuttle or a hook; and 
according to the motion imparted to 
the interlinking member, which can be 
reciprocating, oscillating, or rotating. 
A shuttle is not rigidly connected to 
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Sewing Machines 


the driving member h 
a separate piece held in place by ways 
or guides, and is driven by a shuttle 
driver merely by pushing. The shuttle 
contains the bobbin of thread 
and, as a rule, springs to provide the 
necessary tension for the lower thread 


lower 


The shuttle is pointed at one end to 
catch the loop of the needle thread 


A hook is always in rigid connec- 
tion with the driving shaft and, as a 
rule, has guides for holding the sta- 
tionary bobbin of lower thread. A 
protrusion on the called the 
point, catches the loop of thread and 
Carries it around the stationary bobbin 
case. 

In a reciprocating motion, the stitch- 
forming mechanism goes forward ard 


hook 


1 4 } > + lin 
backward in a straight line or in a sec- 


tor of a This motion is no 
longer employed on machines of mod- 
ern design 

In an oscillating motion, the shuttle 
or hook swings around its axis for- 
ward and backward, usually with ap- 
proximately 180 deg. angular displace 
ment 

In a rotating motion, the shuttle or 
hook rotates around its axis with either 
a uniform or a variable angular veloc- 
ity 

Reliable performance of the stitch- 
forming mechanism is essential for 
satisfactory operation of the machine 
Whatever its principal design may be, 
the stitch forming mechanism must 
undergo a thorough test under all con- 
ditions of actual use, and all deficien- 
cies must be corrected by empirical ad- 
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(A) Rotation with uniform angular velocity is (B) Rotation of main shaft is transformed into : 


transforn ed into rocking motion of lower shaft motion of rocker : haft, whichis transmitted: 


Radius of rocker arm is greater than radius of crank lever by shuttle pitman 
Fig. 2—Mechanisms for imparting an oscillating motion to the stitch forming mechan- 
isms. (A) Crank, connecting rod and rocker arm. (B) Rocker-shaft and pitman 





Rotation with uniform an- 

gular velocity of the main- 
shaft is transformed into 

rotation with variable an- 

gular velocity of the lower 

shaft by means of the slot 
ted connecting rod 

Pin at lower end of con- 

necting rod slides freely 


in radial slot of lower crank 
Lower shatt P sta = 





Main shaft 





n shatt 





Sitch forming 
mechanism in 
horizontal plane -- 





fire 


Worm drive, ratio 





mn 
Bevel gears, i Beve/ gears (D) Main shaft and lower shaft rotate at uniform 
ratte 3:4 oocnex ratio 2:3 angular velocity. Speed of stitch forming + 
(C) mechanism is twice that of main shaft. activ 
beve 
Fig. 3—Mechanisms for imparting a rotary motion to stitch forming mechanism. (A) Crank and slotted connecting rod. (!) Va Tl 
ation in speed of shuttle or hook driven with slotted connecting rod. (C) Bevel gear transmission. (D) Worm drive tra ssi is es 
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istment before the mechanism ts ap 

roved for manufacture. Once this 

atus has been reached, all other mech 
risms are built around the stitch 
yrming mechanism. 

In Figs. 2 and 3 are shown simpli 

ed diagrams of five principal types 

f mechanisms for imparting motion 

) the stitch forming mechanisms. The 

ngle feature they ali have in common 

that their motion is derived from 
the main shaft, which rotates at a uni- 
form angular velocity. 

The oscillating type with lower 
shaft, Fig. 2(A), employs a crank and 
rocker mechanism. The crank is fixed 
to the main shaft; the rocker arm to 
the lower shaft. A connecting rod, 
housed in the vertical portion of the 
machine connects the crank and rocker 
arm. Since the radius of the crank is 
smaller than the radius of the rock 
arm, the rotation of the main shaft 
is transformed into a rocking motion 
of the lower shaft. 

The oscillating type with pitman, 
Fig. 2(B) employs a rocker-shaft as 
the transmitting member. A bend in 
the main shaft oscillates the rocker 
shaft about its vertical axis, and an arm 
at the lower end integral with the 
rocker shaft transmits the rocking mo- 
tion by means of the shuttle pitman to 
the shuttle lever. 

In Fig. 3(A) is shown a rotary type 
machine with a cyclic varying angular 
velocity of the lower shaft. The trans- 
mission for this drive is a combination 
of a “crank and slotted connecting 
rod” and a “pin and slotted crank.” 
While the crank-pin of the main shaft 
crank describes a circle with a uniform 
angular velocity, the slotted connect- 
ing rod swings about the sliding block. 
Thus, the pin at the lower end of the 
connecting rod describes an egg-shaped 
curve with a variable velocity. This 
pin slides in the slot of the lower 
crank and drives it and the lower shaft 
connected with it with a variable ang- 
ular velocity. 

In Fig. 3(B) is shown how the 
point of a shuttle or hook, driven with 
the slotted connecting rod, varies in 
speed during one revolution. During 
70 to 90 deg of angular displacement, 
it slows down to 0.28 of the main 
shaft speed, increases its speed, and 
then travels with a nearly constant 
stepped up angular speed 1.4 greater 
than that of the main shaft. 

In Fig. 3(C) is shown a transmis- 
sion of the rotary type with bevel 
gears, where the lower shaft rotates at 
a uniform angular velocity and is 
driven by a vertical shaft and sets of 
bevel gears. 

The rotary type, shown in Fig. 3(D) 
is essentially the same as that in (C) 
except that a worm drive is used in- 
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stead of bevel gears. In both types, 
the rotating hook stitch-forming mech- 
anism rotates at double the revolu- 
tions per minute of the main shaft, 
making two revolutions for every stitch 
completed. During the first revolu 
tion the point of the hook catches the 
loop of the thread and carries it around 
the bobbin case. The take-up mechan- 
ism finishes the stitch and regulates 
the thread supply during the second 
revolution with the hook running idle 
The angular speed of the rotating hook 
is uniform and the acceleration-decel- 
eration cycles of the lower shaft are 
avoided. 


Comparison of Oscillating and 
Rotating Machines 
Oscillating and rotating types machines 
have been in use many years, and both 
have been developed to a high degree 
of perfection. However, it is obvious 
that under otherwise equal conditions 
(grade of material used, precision in 
manufacturing, duration and speed of 
operation, care in maintenance) a ro 
tating type of machine will show less 

wear than an oscillating system 

In the oscillating system, wear re- 
sults from the inertia forces caused by 
the cyclic acceleration and deceleration 
of the oscillating parts, which must 
come to a complete stop twice during 
each cycle of stitch formation. The 
greater the mass of the oscillating parts, 
the greater, roughly speaking, are the 
inertia forces and bearing reactions 
responsible for wear, noise, and vibra- 
tion. Designers of oscillating machines, 
of course, have recognized this fact 
and employed, as far as possible, mech- 
anisms of smaller geometrical dimen 
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(A) g= radius of crard 


Angular displacement ot of slotted 
rocker is transformed into an angu 
lar displacement & of the crank 
and lower shaft. 

Bis twice a. 


Fig. 4—Low inertia designs. (A) Slotted rocker 
(B) Double four link mechanism 


and crank. 


sions to decrease the weight of osci 
lating parts 

One low inertia design is shown in 
Fig. 4(A) 
an effort to reduce the inertia forces 


This design resulted from 


inherent in the mechanism shown in 


Fig. 2(A). The mass of the 


onnect 
ing rod between the crank of the main 
shaft and the rocker arm could not be 
reduced beyond a certain limit for rea 
sons of strength. To obtain lower in 
ertia forces, the solution was to reduce 
the angular displacer ent of the con 


necting rod. To maintain the required 
angular displacement of the lower 
shaft, an auxiliary slotted rocker and 
crank mechanism was used instead of 
the rocker arm. 

Since the dimensions of the parts, 
Fig. 4(A), are small and their mass 
distribution close to their respective 
centers of rotation, in comparison with 
those of Fig. 2(A), the reduction in 
inertia forces was considerable 

In Fig. 4(B) is shown the solutio: 
of the similar problem of reducing the 
inertia forces present in the mecha 
nism shown in Fig. 2(B). The an 
lar pr se Yoo of the rocker shaft, 


was reduced and thus the displacement 
of the shuttle pitman To maintain 
the required 180 deg displacement for 


oscillation of the hook, t shuttle 
lever was replaced by the double { 
link mechanism This 
necessitated the addition of two auxili 
ary shafts 
The use of the mechanism 

in Fig. 4(A) and (B) requires seven 
axles in the mechanism for impartin; 
movement for stitch forming. Fo 


r 
Satisfactory Operation, these axles must 





be parallel to each other and perpen- 





(B) 


of the shuttle 


Reciprocating motic 


pitman causes a rocking motion of 

rocker. 

Angular displacement a@ of rockers 
transposed into an angular d:sploce 
ment @ of the hook shaft by means of 
the double four link mechanisr 

B five times as large as a 



























































































































































































































































































































Feed rocker shaft performs a rocking 
motion, from which the horizontol fee 
motion is derived 
Feed cam revolves at the variable angular 
velocity of lower shaft and causes tre 
vertical movement (up and down) of 
(A) Long needle bar feed dog. 
(B) Short needle sper 
(A) irol 
1ov 
1,0, ITY Positions of crank 7 dog suff 
1,2,3, 4 Corresponding positions of eye 
of take-up lever 
S= Stroke of take-up lever ; eno 
Shaded portion, indicates angular dis - ' loot 
placement of crank, during which up : 7 
ward stroke of take-up lever must be ° in 
finished. As angular velocity of crank 
is constant, upward stroke is fast; down 
ward stroke slow, speeding up slightly ’ rela 
between II ondIYor 3and 4 respectively. 
(B) y ft M ft Mot sew 
, . 5 as 
Wii 
sew 
900 
He 
hea 
dov 
ary 
and 
ber, 
vibt 
F 
Upward stroke between 60° and 120° sew 
is finished in Ys of time of full aaa 
cycle. Downward stroke : Slow from / tol # Vert we 
180° to 240° faster from 240°to 360° ft Mot etnedt okt MM rota 
and slow again from 0° to 60° é , waits from ecce (D 
, the 


120 ‘ “we 
a. ae lati 
ta 90\ 180 pos: 
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Fig. 5—Crank and slider mechanism for 
needle movement. 
supported at both ends. 
bar guided in one bushing. 
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(B) 


(a) Shuttle point catches loop of upper thread 
Take-up lever moves downward to supply 
thread for widening of loop while carried 
around shuttle 

(b) After loop has been carried around shuttle, 
take-up lever has to retract surplus of 
thread ina short time (30 percent of 120° to 180° faster from 180° to 300° 
cycle) to finish interlocking of stitch in- and slow again from 300° to 360° 
side the material and to prevent shuttle (D) 


Upward stroke between 0° and !20° 
is finished in ¥%& of time of full 
cycle. Downward stroke: Slow from 


point catching same loop a second time 


Fig. 6—(A) Threading of upper thread. 
Disks provide most of the thread tension. 
(B) Regulation of thread supply by take- 
up during one cycle of stitch formation. 


Fig. 7—Take-up mechanisms. (A) Cylin- 
der cam take-up. (B) Requirements for 
link take-up mechanism. (C) Four link 
take-up. (D) Crank and rocker take-up. 


(D) 


Fig. 8—Feed mechanisms for moving 


material between needle piercing | 
(A) For differential machines. (B). ( 
(D), For oscillating machines. 
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ular to the main shaft. Hence, 

inufacturing problems were increased 

this arrangement. Decreasing the 
erance limits increase the cost of 
inufacture, while liberal clearance 
owances result in noisy operation 
ter a short period of service. 

It was an improvement, therefore, 

hen the rotary type machine Fig. 

A) was developed. Here the shut- 

- or hook rotates, though its speed 
varies, without stopping during the 

ycle of stitch formation. The velocity 
of the point of the hook is smallest 
when the needle reaches the lowest 
point, that is, shortly before the point 
of the hook and needle meet. The 
hook speeds up and travels at a high 
speed while the loop of thread passes 
around the bobbin case, and then slows 
down to give the take-up mechanism 
sufficient time to retract the surplus 
thread, tighten the stitch, and provide 
enough thread for the formation of the 
loop for the next stitch. 

This differential drive was succesful 
in solving the difficulties associated 
with a rotary shuttle or hook, and is 
relatively free of vibrations when op- 
erated at speeds up to 600 rpm. For 
sewing machines driven by foot power 
a speed of 600 rpm is satisfactory. 
With the introduction of power driven 
sewing machines, speeds ranging from 
900 to 1300 rpm have come into use. 
Here the inertia forces, caused by the 
heavy connecting rod swinging up and 
down and rocking around the station- 
ary fulcrum, and by the accelerations 
and decelerations of the rotating mem- 
ber, tend to produce strong mechanical 
vibrations. 

For the modern power driven home 
sewing machine operating at speeds as 
great as 1300 rpm, the gear driven 
rotary hook designs, Figs. 3(C) and 
(D), present an adequate solution of 
the problem. In these designs, oscil- 
lating parts are avoided as much as 
possible; consequently vibration and 
noise in operation are reduced. 


Needle Movement and Thread 
Supply 

Though all home sewing machines 
use the crank and slider mechanism 
for deriving the reciprocating move- 
ment of needle bar from the rotation 
of the main shaft, there are two differ- 
nt types as shown in Figs. 5(A) and 
(B). In (A), a long needle bar is 
supported on both ends of the casting; 
while in (B), the needle bar is short 
and is supported only on one side in a 
hardened steel bushing. 

Analytical considerations show that 
the reaction to the inertia force of the 
moving needle bar tends to excite a 
forced vibration of the head of the 
machine. 
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Without reducing the speed, the re- 
action could be reduced by decreas- 
ing the crank radius r, but the total 
stroke (equals 2r) of the needle and 
its velocity determines the length of 
radius r, For a required stroke, there- 
fore, the reaction can be reduced 
within certain limits only by decreas- 
ing the mass of the needle bar. 

It is evident that supporting the 
needle bar only in a short bushing pre- 
sents a disadvantage. The driving con- 
necting rod causes a couple acting on 
the needle bar, varying with the load 
(friction in the bushing, friction be- 
tween needle and thread and resist- 
ance the needle finds when piercing the 
material) and the angle. This couple 
must be counteracted by another one, 
which produces corresponding reac- 
tions in the sleeves. These reactions 
are responsible for wear in the bushing, 
and they increase as the length of the 
bushing becomes shorter. In manu- 
facture the alignment of this bushing 
presents other difficulties, but modern 
production methods and the use of 
hardened steel bushings have overcome 
these disadvantages. 


MECHANISMS REGULATING THE 
THREAD SUPPLY; TAKE-UP AND TEN- 
SION. For each stitch, the thread sup- 
ply must yield a certain length of 
upper and lower thread, approximately 
equal to the length of the stitch and 
keep the threads under such a tension 
that the interlinking of the two threads 
is firm and tight. It is relatively sim- 
ple to obtain tension for the lower 
thread by springs on the shuttle or 
bobbin case, adjustable by means of 
a screw driver. For the upper thread 
an additional device must be provided 
to furnish sufficient thread for widen- 
ing the loop of thread when carried 
around the bobbin, and to retract the 
surplus when the stitch is tightened 

The threading of the upper thread 
is shown in Fig. 6(A). The tension 
disks provide the tension; the thread 
adjustment spring supplies and addi- 
tional tension to compensate for slight 
inaccuracies in adjustment. After pass 
ing the eyelet of the take-up lever, the 
thread forms a storage loop, the length 
of which varies with the position of 
the up-and-down moving eyelet of the 
lever. 

In Fig. 6(B) is shown how the 
thread supply is regulated. The amount 
of thread to be furnished for the wid 
ening of the loop that passes around 
the shuttle, as well as the timing of 
supply and take-up is entirely depend 
ent on the shape and kind of move 
ment of the stitch-forming mechanism 

There are two principal kinds of 
take-up mechanism: (1) the cylinder 


, 


cam take-up, and (2) the four-link 





take-up. Fig. 7(A) shows the cylin 
der cam take-up mechanism. A 
class lever with its fulcrum in the cast 
ing of the head of the machine, has a 
follower pin fastened to one end. This 
pin slides in the groove of the cylinder 
cam that is fastened to the main shaft 
By correct choice of cam groove, move 
ment of the eye of the take-up lever 
can be made to suit requirements 

The requirements of a four-link 
mechanism that must be fulfilled are 
shown in Fig. 7(B). One solution of 
the problem is shown in Fig. 7(C) 
In Fig. 7(D) is shown a solution for 
a crank and rocker type of take-up 

Among the take-up mecharisms, the 
cylinder cam take-up offers the de 
signer the greatest freedom in adjust 
ing the movement of the eye of the 
take-up lever to the requirements of 
the stitch-forming mechanism. The 
cam groove on the cylinder can be eas 
ily generated to suit the required mo 
tion. Incidentally, all the cam grooves 
were developed empirically over a pe 
riod of years 


first 


In many instances, they 
were copied from older models with 
out any critical analysis 

The disadvantage of the cam type is 
that it is either noise producing or 
power consuming. If groove and fol 
lower are machined to close tolerances 
there is considerable loss of power be 
cause of friction: further, binding may 
occur when the relative positions of 
cam and lever are not kept within close 
tolerances. When the follower is loose 
in the groove or the groove is worn 
through use, a strong metalli 
bothersome high 
duced, especially at high speeds 

The main reason why link take ups 
are rarely used is the difficulty in ob 


noise ot 


frequencies 1S pro 


taining displacement curves identical 
to those generated by acam. In many 
designs. however, curves obtained by 
four-link mechanisms can be used. The 
advantages of a four-link take-up are 
Low inertia rorces low brak ne ete 
on the machine. wears we'll. and com 
f itively is less Nosy 
The tyne shown in F gr. 7(C) causes 
some difficulties in production, as again 
number of axles } e kep 
parallel to each ot i tl ‘ 
7 n ks shou oft xcee i f 
f yun The tvpe shown in Fig 
7(D). is claimed s ) pro 
luce and therefore cheaper s the 
kinematic advantage e eve d 
scribes an arc of a le. w i 
> it on the upw . 


Feed Mechanisms 


fter the needle has pierced the 
terial and the interlinking « per 
and lower thread has been performed 
is necessary to move the material 
ertain distance for the next piercing 








‘Tr 
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— 


ee 


he material with 
eee 

id interlocking 

This movement of the material is 

lone hy the feed aog in conjunction 


While holding 


] | 
he material down on the needle pl 


with the presserfoot 


the 


toothed pressertoot rises several thou 


with a yielding spring tension 


above the needle 
C teeth of the feed 
the material. Then the 
dog moves a certain distance in 
direction of the feed, taking the 
material along. and then drops below 
the needle plate to move back to the 
starting position 
This kind of teed is called a four 
motion feed, according to its more or 
less distinct up and down forward and 
backward movements 
On machines with differential move 
ment of the lower shaft, Fig. 3(A) 
the up-and-down movement of the 
feed dog is derived from a cam on the 
lower shaft, Fig. 8(A). On machines 
with constant speed of the lower shaft, 
Figs. 3(C) and (D); or oscillating 
machines, Fig. 2(A) ; the up-and-down 
movement is derived from the upper 
shaft by means of a crank or cam in 
conjunction with a rocker, Figs. 8(B), 
(C), and (D), below the bed of the 
In Fig. 8(D), the oscillat- 
ing fork and crank doubles the angular 
displacement of the lower shaft with 
respect to the auxiliary shaft 
The mechanisms shown in Figs. 
8(B) and (C) differ inasmuch as the 


machine 





Feed a 
shat? 
(A) In forward p ssition "F*! Arm 
swings in direction of arrow | 
in downward stroke, In reverse 
position“ R”: Arm swings in 
direction of arrow 2 in down- 
ward stroke. 
intermediate positions cause 
reduced length of stitc! 


up-and-down 
back-and-forward motion of the 
log is concerned. In Fig. 8(B) 
hort link is used: in Fig. 8(C) 
fork and pin connection is employed 
Since the fit between an axle and an 
eye of the lever can be worked to close 
tolerances, the short link type promises 
to operate with less noise than the fork 


and pin connection 


FEED REVERSE MECHANISM AND 
CHANGING OF LENGTH OF STITCH 
To reverse the direction of sewing, the 
feed dog has to transport the material 
in the opposite direction, while th 
up-and-down movement of the feed 
dog remains unchanged 

There are two ways of accomplishing 
this movement. The feed motion 
shown in Fig. 9(A) is derived from 
an eccentric in the main shaft. Below 
the bed of the machine is a circular 
disk with a diagonal slot that can b 
turned through 90 deg, so the slot can 
be brought into all intermediate posi 
tions. The connecting rod has at its 
lower end a pin that fits into the slot 
of the disk. As the main shaft turns 
one revolution, this pin slides in the 
diagonal slot down and up. A short 
lever transmits this motion of the pin 
to the feed rocking lever and the feed 
rocker shaft, causing the rocking mo 
tion for the feed movements. By turn 
ing the slot into a symmetrical posi 
tion, the direction of the feed will be 
reversed and maintain the same length 


ofted feed 
reverse lever 
oO 

— 


(B) In forward position" F": Pin slides down 


ward in inclined slot of slotted lever. When 
cam forces forked lever tothe left, feed dog 
iS moved in the direction of “F”’ 

In reverse position “R": Pin slides upward, 
and feed dog moves in direction “R” 
Intermediate positions of slotted lever 
reduce lenath of stitch 


Fig. 9—Feed reversing and stitch length changing mechanisms. (A) Eccen- 
tric in main shaft and slotted adjustment disk. (B) Constant breadth cam. 


petween the two 
permit any stitch length 
in opposite direc tions 
The feed reversing a: 
hanging mechanism 
(B) employs ico sta 
in conjunction with 
ing rod, linked at tl 
feed rocking lever 
necting rod, below 
in a slot that can be « 
POsitions 
The constant breadtl 
designed to give 
displacement from O t 
270 deg. angular displacen 
main shaft, and no displacement 
90 to 180 and 270 to 360 deg. D 
the motion period the pin is force 
and down in the inclined slot, cau 
the rocking motion of the feed rock 
lever. Turning the inclined slot 
a symmetrical position revers¢ 
The constant breadth cam has 
advantage of limiting the feed mot 
of the feed dog to only 25 percent 


the time of one full revolut! 


on 
using eccentrics the forward and 
ward motions overlap with the uj 
down motions, causing more or 
ellipitically shaped displacement 
diagrams of the feed dog i 

the ideal rectangle-s! 


ment 


Comparing the me 

\) and (B) th 
cam in the main shaft 
vantage of moving the fee 
feed direction and back in 
quarter turns of the main 
also permits the dog to stay at rest 
ing a quarter turn each time 
tween. The up-and-down mot 
generally a harmonk 
from an eccentric; the mechanis 
Fig. 8(A) is an exception, sinc 
variable speed of lower shaft di 
the otherwise harmonic motion 

The displacement diagram ot 
feed dog of an ideal feed mechani 
a rectangle; that is, the up-and 
and forward-and-backward motior 
the feed dog do not overlap. W 
this ideal condition is not realize 
any of the feed mechanisms, their ¢ 
ation is not affected too seriously 
is essential, however, that as long 
needle is below the needle plate 
the material remain at rest. Dur 
this period the feed dog should 
at rest or stay below the needle p! 
so that movements of the dog do 
affect the material being sewed 


} 
motion, der 
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SEVERE DUTY CYCLES are frequently met in machine tools. Designers must consider the heating effect of this type of 


service before selecting a drive motor. Warner and Swasey No. 3 Electro-Cvcle Turret Lathe styled by Henry Dreyfuss 


H. BERKLEY 


Application Engines 
The Master ctric Con 


Determination Of 


Motor Horsepower 


From Duty Cycle 


THE SELECTION OF THE PROPER Ously, while others must accelerate « 
motor rating for an electrically driven _ plug-reverse frequently, perhaps under by excessive fir 
machine is comparatively simple when heavy inertia loads. Such duty cycles erating expens¢ 


the machine is to operate continuously are classified as severe because of the _ efficiency 


inder a uniform load. It requires heat load they place on the drive mo 
nerely the determination of continuous tor. When designing for severe duty 
unning horsepower and the starting cycles, the engineer must consider this 


orque needed. However, many pres- additional factor of heating or face 
nt-day automatic and semi-automatic possible motor burr.out 

nachines, machine tools for example, The basic problem, then, is to sele 
nvolve complicated operations that a motor capable of delivering the 
mpose non-uniform loads on the driv torque requirements of the load with 
ng motor. Some motors are subject to out excessive temperature rise. At the 


arying loads while running continu- same time, the ’ be 
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Fig. 1\—Duty cycle for a woodworking machine drive motor. Load fluctuates between 
idle and 250 percent rated. Equivalent max load has been adjusted for speed drop. 


Fig. 2—Characteristic curves for a polyphase squirrel-cage motor. Frequent acceler- 
ation affects the load capacity of this motor as shown by current versus time curve. 


severe duty cycles. This involves cal- 
culating the equivalent horsepower of 
the duty cycle and then choosing a 
motor of sufficient rating to deliver 
that power continuously without over- 
heating. The equivalent value of a 
varying hp load is defined as that con- 
tinuous value which has the same total 
heating effect as the varying load. 

Equivalent horsepower can be cal- 
culated by several methods. One of 
the simplest is to determine the equiva- 
lent horsepower during each part of 
the duty cycle. Then, by taking the 
root-mean-square of these values, the 
designer arrives at equivalent horse- 
power for the entire cycle. 
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The equivalent horsepower method 
is applicable only to those motors 
whose speed regulation is fairly low. 
But since these include most single- 
and three-phase induction motors, and 
most shunt or compound d-c motors, 
the method can be used for probably 
95 percent of all applications. The 
method gives only a fair degree of 
accuracy with enclosed motors and is 
not at all applicable to series motors. 

Motor heating at any load is deter- 
mined by in-phase current input. In 
motors of low speed regulation, this 
current is almost directly proportional 
to the developed torque. Hence, the 
square of the developed torque is a 


measure of heating (/*R). Inasmuc! 
speed is fairly constant, the square 
the horsepower developed at a particu 
lar instant is also a measure of heati: 
Therefore, the equivalent heating- 
equivalent horsepower—during the « 
tire duty cycle can then be determir 
from the root-mean-square of the 
equivalent horsepower of the indivi 
ual periods, just as the heating caus 
by a varying current can be determined 
from its rms values. 


Varying Load 
Application 


A duty cycle frequently encountered 
is one in which the load varies per 
odically, although the motor continues 
to run at a fairly constant, near rated 
speed. Such a duty cycle is shown 
Fig. 1 (solid lines), for the cutter. 
drive motors of a hand-hole cutter. 
used in manufacture of wooden boxes 
As each board reaches the cutters, the 
load rises rapidly. Between each op. 
eration, the load is practically zero. 

Normally the machine employs a 
three hp, 3,450 rpm motor. However 
the wood in the vicinity in which this 
particular machine was located had a 
tough grain and was extremely difficult 
to cut. The speed of the motors de- 
creased rapidly during the cutting op- 
eration and the motors were excessively 
hot. After failure of one of the mo- 
tors, it was decided to use more power- 
ful units. The question arose as to the 
required rating. 

In checking the load during actual 
operation, it was found that actual 
load peak was approximately 7.5 hp 
or 250 percent rated. The actual dat 
cycle shown by the solid lines of Fi; 
was then constructed and the equiva 
lent rms horsepower calculated. 

In calculating rms horsepower, one 
must be mindful that heating is deter 
mined by delivered torque or equ:va- 
lent horsepower. Because the motor 
speed is somewhat lower at a load of 
250 percent rated (7.5 hp) than at 
rated (three hp), the torque at 7.5 hy 
is more than 250 percent rated. Con- 
sequently, the heating at 250 percent 
rated load is more than 250 percen 
the heating at rated load—and s 
the equivalent horsepower. This | 
borne out by the fact that efficiency it 
a normal motor is lower at over. 
than at rated load and hence hea 
at overload is in excess of the simple 
percent of overload. 

Because the ratio between heatin: 
overload and heating at rated loa 
proportional to torque, it is inver 
proportional to speed. Consequet 

Equivalent Peak HP = 


Actual Peak HP Specd at Full Load 
Speed at Overloa 
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[his adjustment of equivalent horse- 
ver for speed is not made for less 
n full load, where speed is above 
d, even though efficiency is less 
n rated. In duty cycles such as this, 
ere loads vary from no load to sev- 

| times rated, the slight additional 

uracy gained by this refinement 
does not generally warrant the addi- 
tional calculations. 

The speed of the motor at rated 
load is 3,485 rpm; the speed at 250 
percent overload is 3,325 rpm. From 
Eq (1): 

Equivalent Peak HP = 

. 3485 


S 


5 3395 or 7.85 hp 


The equivalent horsepower duty 
cycle is then constructed as shown in 
Fig. 1 by the dotted line. The rms 
horsepower that the motor must carry 
during the entire duty cycle can then 
be calculated. 

Determination of rms horsepower 
is based on the definitions: 


H Pens = \ ff HP)? dt 


Where ¢ = the duration of the duty cycle. 
H P = the function of equivalent 
horsepower during the duty 
cycle. 

For a motor running continuously 
at approximately constant speed, the 
formula can be expressed in more 
easily applied terms: 


. 1 (H Py) + (H Ps) %te + 


H P4)% .... (H Pa)%q) (3) 


Where t = the duration of the entire duty 
cvcle. 

H P, = the equivalent horsepower 
during the first period of the 
duty cycle. 

t; = the duration of the first period 
HP2, HPs, H Pa, te, ty and t, rep- 
resent the second, third and subse- 
quent periods. 
Applying this equation to the equi- 
valent duty cycle of Fig. 1: 


85)? 1 + (0)? 3 
H Prins = = 
\ ‘ 


This calculation indicates that the 
load imposed by duty cycle is equal to 
3.92 hp continuously. In other words, 
the three hp motor was subjected to a 
continuous overload of over 30 per- 
cent. Also, and equally important, the 
peak torque required is close to the 
breakdown torque of the three hp mo- 
tor. 

The next step was to select a motor 
capable of performing the duty cycle 
Because of interchangeability restric- 
tions, the motor had to be built in 
the same frame diameter as the three 
hp motor. Were the next larger rating 
4 or 5 hp, it could be safely recom- 
mended. However, the next larger 
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Fig. 3—Time required for acceleration is directly related to inertia of load. Thus, in- 
ertia has an effect on duty cycle because of higher input currents during acceleration. 


Fig. 4—Speed-torque curve for a one hp, 1,725 rpm polyphase motor. 


Heating effect 


during acceleration depends on the average torque of the motor during that period. 


rating available in this frame diameter 
is a 5 hp 60 min intermittent motor 
To determine whether or not a 5 hp, 
60 min motor will be satisfactory, 
must be notea that a 60 min motor 
will generally deliver from 70 to 80 
percent of its rating continuously. Con 
sequently, this motor has an equiva 
lent continuous rating of approxi 
mately 0.75 x 5.0 or 3.75 horsepower 
The duty cycle continuous load of 3.92 
hp therefore represents an overload 
of only four percent and consequently 
the 5 hp, 60 min rating will be satis- 
factory. Also, since a 5 hp motor will 
run at a higher speed during peak 
load, the equivalent peak horsepower 
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will be less than 7.85 
ducing the rms horsepower 


This case is typical of those 











pulling out An 
nt motor will often perform 


¢ loads without 


satisfactorily than will a continu 
motor of lower rating in the same 
frame The price of the intermittent 
ratings larger than about 20 


) rpm will actually be lower 


motor in 


next lower continuous rating. 
ipplying intermittent motors to 
applications, it must be remem 
that most 30 min motors, be 
use of high magnetization of the 
consequent high no-isad 
losses, cannot run continuously, even 
t no load, without overheating 
Another possibility to be consid- 
ered in mild motors for continu- 
ous-running varying-load duty cycles 
is the Design-D, high-torque, high- 
slip motor. Such motors are particu- 


iron. and 


Fig. 5 
ing and stopping. 


larly advantageous where flywheels are 
used to reduce peak load and light 
flicker. Design-D motors have a flat- 
ter line current vs torque curve than 
Design-B motors. 


Frequent-Starting 
Application 


Before analyzing a frequent-starting 
application, consider first what hap- 
pens to a standard NEMA Design-B 
polyphase squirrel-cage motor when it 
accelerates without load. From Fig. 2 
it is seen that the induction motor 
alone comes to rated speed in about 3 
second. With locked-rotor, current is 
about 6 times rated and decreases as 
the motor accelerates. During this start- 
ing period, the heat generated within 
the motor is many times that gen- 
erated during normal operation at full 
load. Thus, the load-carrying capacity 
of a motor is limited by the frequency 
of accelerations. 

Another factor to be considered is 
inertia. As indicated by Fig. 3, the 
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larger the inertia, the longer is the 
time required for acceleration. Conse 
quently, the total 1°Rt losses and heat 
ing are proportionately greater [or 
high inertia loads. It is apparent from 
the above that heating is dependent 
on the frequency of accelerations or 
plug-reversals and on inertia. The 
problem is to calculate the relative 
fect of these on motor rating 
The torque delivered by 
during acceleration 


motor 
depends on its 
speed-torque curve, an example of 
which is Fig. 4 fora NEMA Design-B 
one hp, 1,725 rpm polyphase motor 
The average torque during accelera 
tion is approximately 8.4 lb-feet. Since 
heating is dependent on delivered 
torque, the heating during acceleration 
is approximately identical to that if 


Equivalent horsepower curve for a conveyor that is subject to frequent start- 
Heating effect on drive motor durin ~ each start is considerable. 


the. motor were delivering 8.4 lb-ft 
continuously at rated speed. This analy- 
sis neglects, for the moment, the con- 
sideration that speed during accelera- 
tion differs from rated speed and is 
not constant. The adjustment for speed 
is discussed later. The equivalent 
horsepower during the accelerating 
period is then: 

Tove X RPM 


5,252 


HP, = 
Where Tavg 


= average torque in lb-ft 
delivered by motor dur- 
ing the accelerating 
period 

RPM = rated motor speed, rpm 


In the case of the one hp, 1,725 rpm 
Design-B motor: 


HP, 


Heating during the accelerating 
period is the same as if the motor were 
delivering 2.76 hp for the duration of 
the accelerating period. It should be 
noted that: 
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ated 


A typical problem involves 
veyor that must start every 10 
times per min), run 5 sec, then 
It is idle during the remaining ‘ 
onds. The problem is to find 
whether or not a standard NEMA 
sign-B motor will do the job wit 
overheating. 

For steady running service on 
conveyors of the same type, the 
ufacturer employs a polyphase, 
angle, worm gearmotor rated on 
1,725 rpm motor speed, 58 rpm 
tershaft speed (see Fig. 4, tor 
speed curve). Consequently, it ca 
assumed that after the motor r¢ 
full speed, the load during tl 
mainder of the 5 sec running 


will not exceed one horsepower. Knov 


ing the load on the conveyor 
linear speed, its effective inertia 
referred to the motor shaft 
calculated by the formul 


Effective JR Ij ( 


Wi 
cluding the « 
Vel cit 
minute 
S = RPM of n 
If the load is in rotary imstea 
linear motion, the effective WR 
ferred to the motor shaft is cal 
by 
i-tective WR 
| 


ctual WR? of Load ( 
Actual WR? of | ( SP 


1 Ri 


However, in this case, the inert 
the load is negligible when rete 
and compared to the rotor inertia 
cause of the slow conveyor speed 
celerating time is calculated 


lows: 


WRS 
308 t 


T, 
a 
Where face = time In sec 
WR* = total WR ot t 
referred to 
lb-fr? 
S = rated speed of the 
rpm 
= avetage torque ava 
acceleration, \b-ft 


The average torque available 
acceleration is not equal to the ave 
delivered by the motor. During a 


eration, the motor must overcome | 


ning friction of the bearings and g 
i.e., the friction that imposes the 
hp load during steady running co 


tions. Since the steady running loa 


one hp, the equivalent friction to: 
at the motor shaft is equal to r 
torque or 3.0 lb-feet. Consequently 


average torque available for accel: 


tion (T,.-) is approximately equa 
the average torque delivered by 


\UGUS! 





DOWE 
5): 





1,725 rpm 

serting these values into Eq (8), 
find that This 
ulation breakaway 
jue needed to overcome the static 
tion of the motor and conveyor 
rings. However, this torque is of 
ill duration and it 
ible after a few cycles of operation, 
ring which the lubricating oil be 
Also, the cusp in 

speed-torque curve is 
i well designed motor, the effect of 
lis cusp is small. Although NEMA 


dards permit a drop to 70 percent 


0.36 seconds 


neglects the 


becomes negli- 


1es more fluid. 
ne elec ted 


Duty cycles that incorpor- 
ate a plug-stop or a plug- 
reverse phase present a 
special problem in motor 
selection. This subject is 
discussed in the second 
article scheduled for the 
September issue of Prod- 
uct Engineering. Simpli- 
fied 


included in the article. 


solutions will be 





f locked-rotor torque, the cusp is 
rarely this large 

Knowing the equivalent horsepower 
during acceleration, the accelerating 
time, and the steady running load of 
the motor, we can now construct the 
luty cycle of the motor. From Fig. 5 
we can now calculate the rms horse- 
power, using a modification of Eq 


ap: 
np... = \ 2 [ H P,)? } + (HP2)? h + 
(HP, | (3 


This equation is strictly correct 
only when the amount of cooling is 
onstant during the entire duty cycle. 
Such is the case for a self-ventilated 
motor running continuously at or near 
rated speed; or for a forced-ventilated 
motor (one cooled by an external sys- 
tem) regardless of speed. In the case 
under analysis, the motor is cooled by 
a fan mounted on its shaft so cooling 
effect increases with speed. Cooling 
during standstill and acceleration is 


HP; *t3 ae 
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ss than cooling d ’ i¢ steady 
Therctore, the tor 
be adjusted to compensate 


for the different degrees of cooling 


running period 
~ ] > 
mula must 


H Pome = 
HP, + UIP, t+ (11 Py)*ts 

\ la tT la + «3 
Where HP,, HP., HP 
are the 
and fy. 
three sections of the d 
equivalent duration of 


and fs 
before, but , 


same as fice, ‘Ties 
are equivalent durations of the 
The 
each period is 
equal to the actual duration multiplied 
by a constant This constant is de 
pendent on the degree of cooling re- 
ceived during that period. For self- 
ventilated motors running at full 
or for forced-ventilated motors 
(regardless of speed) this constant is 


unity; i.¢., equivalent time 


ity cycle. 


} 


speed, 


equals 


actual time. For small, industrial-size, 
self-ventilated motors, up 
hp, the multiplying fa 
ing acceleration, and 0.25 


motor is at standstill. For 
) 


to about 10 
ctor is 0.5 dur 
when 
larg 

tors, these factors are 7 and 0 
respectively. 

From previous calculations, it is 
known that the equivalent horsepower 
during acceleration is 2.76 and that 
luring the steady running period it is 
one hp, maximum 
then, the rms horsepower (the rating 
required of the motor) is calculated as 
follows 


For this conveyor, 


ll 
H Prms 1.11 


Raced HP ~i0 7 ':" 


Ratio of 

It should be noted that the relative 
heating during the 0.36 sec starting 
period (2.74) is about 60 percent that 
during the 4.69 sec running period 
(4.64). This is a graphic illustration 
of how the brief accelerating period 
can effect the heating of the 
even with negligible external inertia 
Were the effective inertia larger, the 
heating during the 
could easily exceed that 
running period. 

This calculation indicates that the 
heating caused by the duty cycle is 
equal to the heating that would result 
if the motor were running continuously 
at a load of 1.11 horsepower. Had the 
rms horsepower been less than or 
equal to the motor rating (one hp) a 
NEMA Design-B motor would be un 
questionable recommended. In_ this 
case the ratio of rms to rated horse 
power is 1.11 so a NEMA Design-B 
motor would be subjected 
equivalent of a continuous overload of 


motor 


starting period 


during the 


to th 
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is applied to both the phototube and amplifier tube. The circ 
at (A) utilizes only two resistors, one condenser, and a laut 
amplifier tube to operate the relay and phototube. Thar at (8), 
while more complex, has full line voltage on the amplifier cir 
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1 Phototube-relay-amplifier-ccunter circuits: (A) Slow acting, 
because a-c is applied both to the amplifier and phototube so 
that they both operate only part time; (B) fast acting, because 
d-c is used on the phototube; and (C) high speed, because d-c 


cuit a 
if the 
arran: 
minin 


c 
™~ 


% tT ™ THAT 


a i ee 


Applying Photoelectric 


WHEN COUNTING IS A REQUIREMENT, 
the designer usually turns first to a 
mechanically operated assembly, such 
as a lever type counter or a revolution 
counter because of the high reliability 
and low cost of such devices. If the 
counter is to be located remotely from 
the object being counted, or if more 
delicate operation is required, the next 
logical choice is an electrically op- 
erated counter, in which an electro- 
magnet is used to move a lever arm 
that in turn moves a counting wheel. 
Operation of electrical counters, of 
course, depends on the opening or 
closing of some form of electrical 
switch or contact. 

But if the product is light, or 
fragile, or small, or easily marred, or 
extremely fast moving, a photoelectric 
counting device may be applied, the 
reason being that only a phototube cir- 
cuit can be operated without the appli- 
cation of a force to provide the count- 
ing impulse. 

Light-beam counting is accom- 
plished by providing a lamp on one 
side of a conveyor or path for the 
objects, and a light receiver on the 
other side. The light receiver is a 
form of electric eye relay or photo- 
relay connected to a counting head, 
which is electrically operated from the 
photo-relay. Normally, the light passes 
continuously from the lamp to the 
light receiver. When an object passes 
between the two, however, it inter- 
rupts the light beam and furnishes a 
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count signal. After the object has 
passed, the light to the receiver is re- 
established. This provides the “reset” 
signal, which is equally important. 


Circuit Arrangements 


Several auxiliaries besides the photo 
tube and lamp are required to com 
plete a counting circuit: a source of 
power, a counter, an amplifier to 
amplify the signal from the photo- 
tube into a sufficient power impulse 
to trip the counter, and, depending on 
the circuit, a relay. These can be ar- 
ranged in any one of several different 
combinations :* 


1. A phototube-relay-amplifier- 
counter combination meets the major- 
ity of application requirements. It is 
fast operating and relatively inexpen- 
sive. A variety of circuits may be 
used with this combination, those 
shown in Fig. 1 being quite common 
and representative of the group. 

For the simplest of the circuits, Fig. 
1(A), only two resistors and one 
condenser are used to make the photo- 
tube operate the amplifier tube and 
relay. In this circuit, the a-c line volt- 
age is applied directly to the photo- 
tube and its series resistor. The photo- 
tube is operative only during part of 
the a-c cycle: when the cycle nears its 


* Details of the design and construction of ele- 
mentary electric eye relays may be found in the 
author’s book, “Electric Eye Circuits & Relays 
r Theory and Practice,”’ obtainable from Photobdell 
Company, 116 Nassau St., New York 7, N. Y. 


peak, and the phototube anode is pos 
tive. During about 4 of each cy 
it is totally inoperative, and this means 
that there may be a delay of about 2 
of a cycle before the phototube begins 
to respond. The plate circuit of t 
5OL6 amplifier tube in this circuit is 
also inoperative during the same 3 of 
each cycle, and for the same reaso: 
since only unrectified a-c is applied t 
the plate circuit. 

When light to the phototube is ir 
terrupted, indicating the passage o! 
an object, the current flowing throug 
the phototube decreases in value. 1 
reduces the voltage across the resistor 
that is in series with the phototube 
and changes the potential of the grid 
of the amplifier tube to a more nega 
tive value. As a result of this, 
amplifier tube no longer draws plate 
current. Since this plate current : 
pass through the coil of the relay 
relay is released, and the relay 
tacts close. When the relay cont 
close, current passes through the elec- 
tromagnet that actuates the cou: 
and the counter moves ahead one s*¢} 

When the light to the phototul: 
re-established, indicating that the 
ject has passed, the phototube cu: 
is re-established. This returns the 
potential to its initial value, re-es 
lishes the flow of current through 
amplifier tube and relay coil, 0; 
the relay contacts, de-energizes 
counter coil, and resets the cou: 

The circuit shown in Fig. 1 (B 
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cuit and a light sensitivity adjustment (which can be omitted 
if the light is of sufficient intensity). Besides being fast, the 
arrangement at (C) contains a spark suppression circuit that 
minimizes pitting of the relay contacts and improves operation. 


Counting Circuits 


1 marked improvement over that in 
Fig. 1 (A) 1m several important re- 
spects. The type 117L7 tube includes 
1 rectifier section, and this is used to 
rectify a small part of the a-c, fur- 
nishing d-c for the phototube so that 
it may operate all of the time, and 
respond quickly. Also, by using the 
rectifier in the manner shown, the d-c 
30 obtained is negative, or lower in 
potential than the cathode of the 
amplifier tube. This is almost the 
same as doubling the voltage, because 
it allows full line voltage to be made 
available to the amplifier circuit. 


2. Operating the counter directly 
from the amplifier tube in a photo- 
tube-amplifier-counter circuit, Fig. 2, 
has some advantages over the previous 
circuits. Since no relay is used, the 
circuit is less costly, there is one less 
item to service and maintain, and there 
is no danger of arcing or sticking 
contacts. 

Omitting the relay also may in- 
crease the speed of cperation. How- 
ever, there is a disadvantage in this 
respect because a counting device that 
is operated directly from an amplifier 
tube usually does not receive the full 
tated power for which it is designed. 
At high speeds, the counter may fail 
to turn over. Therefore, the counting 
head must be operable on low power, 
as amplifier tubes do not deliver more 
than a few watts, and prior to final 
Circuit approval, they should be spe- 


cifically tested in the circuit under the 
most adverse operating conditions. 


3. If the relay is to be omitted, 
there is an operating advantage in re- 
placing the amplifier tube with a 
thyratron tube because of the larger 
power capacity of such a tube. In a 
circuit of this type, Fig. 3, a time delay 
relay is needed to prevent the thyratron 
from receiving plate voltage until the 
cathe Je has been heated; this pre- 
caution is necessary to prevent damage 
to the tube. Unrectified a-c is applied 


Phototube-amplifier-counter circuit. Advantage of this type is 
lower first cost and maintenance cost because no relay is 
used. Speed of operation is about comparable to the circuit 
shown at (A) in the previous illustration 


or slightly higher. 


ABRAHAM EDELMAN 


Chief Engineer, Photobell Company 


to the plate of the thyratron through 
the coil of the counter to periodically 
interrupt the current flow and allow 
the grid to regain control of the tube 
(When a thyratron is conducting cur 
rent, the grid cannot act as a control 
switch. Therefore, it is necessary for 
the plate voltage to decrease to zero 
frequently to shut off the plate cur- 
rent flow. At the start of each cycle 
of the a-c supply, the grid determines 
whether or not plate current should 
flow for the remainder of the l 
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Thyratron circuit. This is similar in principle to the previous circuit except that 
a thyratron is used as the amplifier so as to obtain higher power outputs to operate 


the counter. 


A time delay relay is used to protect the thyratron in such a circuit, 


so that a time lag in operation is inherent. Also, the operating light level must be high. 
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ontrois late 


Way fully | 


apparent that there is a 


ig in any thyratron circuit. 
other limitation is that thyratrons, 
ause of their grid current character- 

are incapable of being controlled 
om phototubes that have low levels 
t illumination. As long as the light 
wget 


e\ is fairly strong, however, cir- 


tr 


ts of this type are satisfactory 


i A quite different type of cif 


itilizing a photovoltaic” type 


is Shown in Fig. 4. The "sd 
( 


cell generates current directly 
from the light it receives, and fur 
nishes sufficient 


mecter type I ly 


rrent to operate a 


Adapting the Circuit 

To the Application 
‘n adapting a photoelectric count 
Ing circuit to a practical problem or 
1 commercial machine, certain specific 
problems arise that must be solved 
either by modification of the circuit 
or by selection of the counter. As 
indicated before, the required rate of 
ounting is perhaps the primary factor 
voverning the selection and modifica- 
tion of the circuit. For counting up 
to about 150 units per minute, a photo- 
relay and any commercial counting 
head usually is satisfactory. If the 
speed of counting must be greater, 
lifficulties begin to appear. 

One difficulty may be wearing or 
sparking of the relay contacts. A spark 
suppressing circuit, such as is shown 
in Fig. 1 (C), will minimize this con- 
dition. The use of large contacts on 
the relay also is desirable, provided 
the relay is not thereby required to 
become so large and slow that it fails 
to respond fast enough. 

Unequal division of the time dur 


ing which the rrent to the 


1S no as compat 1 to time 

current is off also may 

tional trouble A typical electri 
counter requires an 
flow of about 0.05 to 0.1 sec for reg 
istering, and a similar interval of cur 
rent stoppage. If eithe: interval ts 
reduced below this, the counter may 
In many cases, the 


interval of current 


become inaccurate 
design of the phoio-relay can be modi 
fied by the addition of a condense: 
discharge delay system which incre 

the shorter interval 

When counting speeds 
600 per min, only a high speed photo 
relay circuit and a fast operating relay 
will switch the counter properly. A 
high speed photo-relay must employ 
d-c on the phototube, and also on the 
amplifier tube, as shown in Fig. 1(C) 

To achieve speeds approaching 800 
per min requires removal of the relay 
so that the coil of the counting devic« 
is directly operated from the amplifier 
tube. With this method, counting 
rates of up to 1,000 units per min can 
be obtained using the counting head 
shown in Fig. 5(A). 

For still higher speeds, clock-face 
practical, 
these being operated without relays, to 
reach 3,600 per min. Beyond this, 
electronic scaling methods can extend 
the rate of counting. 


style counting heads, are 


REVERSE MOVEMENTS OF OBJECTS. It 
the objects being counted are apt to 
move backward, as well as forward 
the beam of light may be interrupted 
twice by the same part. When the 
amount of reverse movement is small 
enough, there is no problem. For ex 
ample, assume that the beam of light 
is 1 in. long in the direction of move 
ment, that the count registers when 
the beam of light is 80 percent in 
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Low voltage counter circuit using a photovoltaic cell. This type of circuit and 

counter usually is used only when battery operation is necessary. An amplifier is 
not required, and the entire circuit is quite simple, but its relatively high cost and slow 
speed of operation make it unsuitable for general purpose applications. 
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ri¢ ) 


when the beam of light ts 80 


clear This then would provid 


dead zone’ between these tw 
tremes amounting to 0.6 1m. and 
verse movements of more than 
in. could provide false counts 

If the beam of light is made lo 
in the direction of movement 
more reverse movement can_ he 
erated. The beam of light may 
broken into two parts, one from 
of two light projectors side by 


ind be received on two photot 


also side by side. If the photo 
irc connected in pal illel, they 
two parts of the same photot iby 

both are interrupted, the count 
isters; when both are clear, the 

releases. This allows for consider 
more reverse movement, and iny 


only the addition of an extra 
projector and an extra phototul 
Protection of the counter aga 
reverse movement also can be a 
plished, often with improved perfo 
} De ole 


ance, by using two beams of ligh 
two phototubes, each with its 


amplifier and relay, and by employi: 


a relay circuit that performs 
functions to the above. With 
design, the count occurs only 
both light beams are interrupt 
an interlocking relay is tripped 
relay is released after both photo 
ire clear again 

There are sometimes circumst 
in which objects pass through a co 
ing position in either direction 
must be counted with a total fo 
direction only, or separate total 
both directions. This can | 
through the use of two beams ot | 
each with its own phototube 
fier, and relay. If the light beam 
interupted in the order A, B 
counter AB responds. It the 
beams are interrupted in the or 
B, A, then the counter BA respond 
or this counter may be omitted ent 
if a reverse count is not required. 1 
election is accomplished thr 
traightforward utilization of 
that lock up to modify the cir 


whichever result is required 


SELECTIVE COUNTING. It often 
sirable to utilize some featut 
object as a counting index, s 
lifferent types or sizes of parts 
be counted separately. Differentia 
by color or by height are perhaps 
frequently used indexes. 

Two stations are required for 
selective counting, each illumina 
so that the light from the lamp 
reflect off the part and into the ph« 
tube. If one of the parts is red 
the other is blue, one phototube 
made sensitive to red but not blue 
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is made sensitive to blue 
d. When the red part passes, 
flects red-rich light into both 
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tubes, but only the red-sensitive 

respond and count. Similarly, 
the blue part Passes, it reflects 
ich light back into the photo 
put only the blue-sensitive one 
spond and count. A third count 
e total number of cartons may 
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de by use of a light beam counter 
s interrupted by the passage of 
part; this then serves as a check 
e sum of the two color-sensitive 
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[wo stations also are required for 
ght-selective counting. The light 
ns and stations are usually ar 
iged so that one is higher than the 
Thus, the upper beam is inter 
pted only by the passage of the 
gher part; the lower beam, which 
interrupted by the passage of both 
rts, counts the total. Another method 
to set the upper light beam slightly 
ead of the lower beam so that the 
phototube is energized first, if 
ll. If energized, it sets and locks 
relay between the lower phototube 
1 the counter so that only the larger 
is counted. If the high beam is 
broken, the count is put on a 
inter for the small parts 




















jATCH COUNTING. The designer often 
not interested in counting, but in 
ming batches all having the same 
antity. This is accomplished by 
predetermining type counter’, as 
wn in Fig. 5(B). The one shown 

3 a knob at the center of the dial, 

1 this may be used to set the clock- 

€ pointers to any quantity in the 
inge from 1.0 to 400. When the 
tual count reaches the pre-set count, 

switch responds, and this may be 
ed for controlling a gate or any 
her mechanism. The design shown 
ete may be operated up to a maxi- 
mum of 500 counts per minute; it re- 
uires about one full second for re- 
etting itself after a count. For pre-set 
wantities up to 16,000, two units of 
ne same kind may be used, one con- 

‘lling the other, and so providing a 
mit of 400° or 16,000. 

Batching counters can also be built 
» from stepping relays, either of the 
and commonly used in pin ball games 
‘in telephone dialing systems. The 
iter are best, of course, and can be 
ranged to do anything in the line of 
aching. One type, is a newly de 
gned relay that can count up to 
100 parts per minute and requires no 
me to reset since the rachet is at the 
Oper position for the next batch at 
i! times. 

When batching type counters re- 
wuire time to return to zero, it is im- 
ertant that no count occur during 
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the homing interval, or else that count 
may be lost. By limiting the batch 
quantities, and by proper design, al 
most any desired result usually can 


he accomplished 


RECORDING OF COUNT Indicating 
counting heads can be obtained with 
printing-type wheels, so that type 
writer ribbon and paper can be pressed 
up against the wheels to furnish a 
printed record of the count at any 
given time. Also, it is possible to ob 
tain counting heads that both indicate 
and print the count 

Frequently it 4S desirable to use a 
solenoid or small motor to make pos 
sible resetting of the counter by re 
mote control. In such applications 
however, it is necessary to design the 
circuit so that resetting is not done 
during the time that counting is tak 
ing place, as this may result in jam 
ming up the counter. Similarly, an 
improperly-aligned count may be 
printed if counting occurs just as 
print is being made 

A useful combination that can | 
created through the medium of thé 
proper circuit, is one in which a re 
mote pushbutton initiates a cycle dur 
ing which the count coil is cut out; 


. 


a print is made; the wheels are reset; 
and finally, the count coil is re-estab 
lished into the circuit 


Insuring an Accurate Count 


In extremely important installations, 
double and triple counting systems are 
sometimes necessary. In a double sys 
tem, the count is relied upon only 
when the two counters agree; and 
when they disagree, the count is con 
sidered lost. In a triple system, if two 
agree, it is presumed that an acci 
dental occurrance disturbed only the 
third, and so the count is not lost ex 
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cept in most unusual umstances 

If the equipment on which the pho 
toelectric counting device is mounted 
vibrates or oscillates rapidly special 
precautions should be taken Ordi- 
narily phototubes are not influenced 
by vibration or shaking, but the light 
beam entering a phototube may vibrat< 
to provide a varying amount of light, 
and so cause the current in the photo 
tube to vary with the vibration The 
remedy is to mount the projector and 
the receiver so that they both vibrate 
in unison, if they must vibrate at all 

If an amplifier must withstand 
severe vibration, then it should 
equipped with shock-mounts. A 
such items as condensers inside the 
amplifier may have to be more solidly 
mounted to withstand vibration 

A relay is often sensitive to vibra 
tion, and may give double counts and 
spark excessively on its contacts, u 
not suitable. A good relay tor vibra 
tion service will have a strong return 
spring, heavy contacts, and a wiping 
type contact closure which snaps into 
position quickly 

When the count tends to intertere 
with stealing, there is a tendency to 
destroy confidence in the counting sys 
tem. When cartons on a conveyor 
pass through a counting positron to 
shipping platform, for example, there 
is a strong temptation to Nhang a Nat 
over the light projector, and so allow 
uncounted cartons to pass through 
Such interference must be avoided by 
making the beam unreachable. In 
many installations, a tunnel ts built 
over the counter, using 4 in. square 
mesh, to prevent such meddling. It 
the counter has a reset knob, then 
may be turned back to zero and the 
count lost. This means that the knot 
may have to be within a locked box 





Eagle Signal Corp. 


Fig. 5—Two general types of counting heads. That at (A) will operate at speeds up 
to 1,000 counts per minute. The unit shown at (B) is a batch counter that indicates a 
count only after a predetermined quantity of parts has passed; it can be set to form 





batches ranging in quantity from 1.0 to 400, and will operate at 500 counts per minute. 
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Fig. 1 


Press and hammer type aluminum die forgings. 


Surfaces are smooth and 


clean because the aluminum does not scale during heating and subsequent forging 
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(A) Standerd dra‘t at parting line 
of cylindrical sections 


(B) Rectanguiar section forged with 
natural draft to obtain flat sides 
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(D) Die sinking is sirnplified by keeping 
draft angle, fillet radius, edge width 
and edge radius ail constant along o 
rib with taper and varying height 








Fig. 2—Draft requirement on various par 
and how to best minimize it 
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Chief Engineer 
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Forging Division 
Aluminum Company of America 


GOOD FORGING DESIGN, like design for 
other processes, is influenced to’a-con- 
siderable extent by manufacturing 
necessities and by the machinery em- 
ployed. A knowledge of the forging 
process, die construction problemis, and 
the forgeability of the alloy, will help 
an engineer develop sound basic de- 
signs and thereby utilize aluminum 
forgings to the greatest advantage. 


The data presented heré have beefi 
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compiled from experience gained in 
solving numerous forging design prob 
lems. Following thé rules strictly will 
result in better forged products at 
lower cost. Rigid. adherence to such 
rules, however, is ‘sometimes impossi- 
ble. It may not be feasible to work out 
the functional or space requirements of 
the forging while complying with the 
proportions recommended. When this 
is So, the advice of a qualified forging 
expert should be sought. 

Considerable attention to draft is 


warrarited in design: To insure quality 


PRODUCT 


conomica 


forgings without excessive produ 
difficulty, and to minimize the co 
die-sinking. 

Common draft angle limits are 
5 deg for hammer and press forging 
Draft dimensions for 1, 5, and 7 
draft angles are given in Table I. O 
mechanical upsetters, where split 
are employed, the clamping actio 
the gripper dies and the provisi 
stripper lugs or rings in their im 
sions permit drafts as low as 
On presses not employing split 
it is possible to produce forgings 
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ngie in the die so that, as 


Undesirable Not Recommended Preferred shown in Fig. 2(B), the impression 


Bending surfaces on Draft is constant, Dies can be machined will have natural draft. The resulting 

rios with variable draft but the cutter path in with standard cutters V-shaped cavity does not afford dic 
increases the die must be an using straightline life equal to that of 

die sinking expense irregular curve traverses cavity. as the fillet 
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Table I—Draft Dimensions 
For Standard Draft Angles 
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at other steps in manu 
the sides can be forged 
: an extra machining ope 


unnecessary 
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forging plane 
tate metal flow 








g. 3—The way in which draft is specified for ribbing affects die manufacturing 
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Draft measurements are expressed‘ near the parting line. Customary die- 

angles from the axis of the hammer ° sinking ptactice is ‘to leave narrow 

‘press stroke, which is perpendicular tangential flats in this area and main 

the forging plane. Even though the tain the standard draft angles, usually 
urting line is inclined with respect to 7 deg: This draft need not be sped 

¢ forging plane, or if the principal fied’on the forging drawing; only 

imensions of the forging are laid cylindticat section need be indicated. 

it in another set of axes, draft is still " Where draft on the sides of -a re 

ferred to the stroke of the hammer. ' tangular ‘section would be e@bjection 


Natural draft occurs’ on the’ sides’: able: it May be possible to forge the 


raft angles of less'than 5 deg; but of cylindrical sections when they ar n the dic 
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(A) Method of matching draft by using larger than standard angle: on the 


shallow side of forgings that are not symmetrical with respect to the parting line. 
(B) A matching draft surface that is tangent to a corner radius formed with a standard 
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Fig. 6—(A) Parting line placed on one surface of a thin edge web to facilitate trimming, even though auxiliary die impressions 9 


draft angle cutter. See text for details on procedure followed when sinking the die 
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Fig. 5—(A) Forging dies must be parte 
so that they have no undercut surfaces 
(B) a flat surface at the parting line s 

plifies die manufacture and die set-u; 











>, : 
No mmeons of locating terging 
in bottorn die impression 


Direction 
; -of trimmer - 
(0) : punch stroke 


are necessary for die matching. (B) This parting line makes the forging difficult to spot in the forging die and to locate in the 


trimmer. (C) These parting line arrangements are recommended, they provide for locating the piece during forging and tiim- : 
ming. (D) Raggedly trimmed edge resulting from flash on parting line that is inclined more than 75 degrees. 


line or that the base be of constant 
width, machining the die is consider- 
ably more difficult. The traverse of the 
die sinking cutter must then be ad- 
justed laterally to conform with varia- 
tions in the depth of the impression. 
By using the shapes shown in the 
right-hand column of Fig. 3, tooling 
costs and time can be reduced. 
When in doubt as to the preferred 
forging shape for die sinking, the de- 
signer will do well to remember that 
the die is a “negative” of the forging. 
He should visualize the various ma- 
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chining cutters as moving within the 
forged metal, forming the surfaces 
from the inner side. When an arduous 
die-sinking procedure is indicated, it 
should be because the use of the forg- 
ing requires it, not because of a ran- 
dom choice in the delineation of the 
drawing. 

Matching draft is specified when 
ribs or sidewalls that meet on the 
trimmed contour of a forging extend 
to different depths on _— sides of 
the parting line. In die sinking, the 
oO; -vsing impressions are first made 
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with standard cutters and the sam 
draft is carried to different depths 
This procedure leaves a jog or ledge 
at the parting line. This jog is then 
removed by machining the shallower 
impression to a greater draft angle, 
Fig. 4 to bring its surface out to match 
that of the deeper impression. 
Usually, the first step in forging de- 
sign is establishing the location and 
shape of the parting line, which maj 


be straight or irregular, depending on J 


the design of the forged part. [his 
step determines the character of otner 
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nally, the parting line is at the 
f a that the piece 
When, the web is less than 3/1 
thick, however, the parting line 
oincide with one surface of the web, 
Fig. 6(A). This design desirable 
even though each 
if the impression. 

With the flash at the corner of the 
thin web, the deepest possible ridge 


forging di¢ im 


be considered when 


Nor 


s determined 
en 
web surrounds 
6 in 


should 


Is 


die contains 


part 


$s presented to the trimming die for 
locating the piece. The advantage in 
trimming is gained at a sacrifice of 
natching edges around the web for 
ise in checking mismatch of the forg 

ng die impressions. To check mis 

natch, however, auxiliary lugs can be 
provided for matching cavities beyond 
tue forging impression. These lugs, if 
sed, are sheared off with the flash 
n the trimmer. 

Another important factor in choos 
ng the parting line is the problem of 
spotting the partially forged piece in 
the finishing die so that it will be 
matched with the impression in the 
ipper die. In the forging shown in 
Fig. 6(B), the parting line at the 
yuter V-shaped surface does not pro- 
vide a locating reference either in the 
bottom forging die or in the trimmer 
lie blade. Although the forge shop 
can provide additional locating lugs 
or beads for spotting in 
the forging die and for trimming, this 
procedure requires extra care and re 
sults are generally unsatisfactory 
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Side view (choice of end views above 
Gependa’s on method of parting) 


(D) Preferred- A double forging 
offers the most advantages: in die 
sinking and production 


e choice of parting line can modify a forging design. 











lar parung line 


sirable to forge part in this 
the unbalanced 
lateral forces exerted on the die. An 
expensive counterlock would have to 
be machined in the dies to resist side 
thrust 

A locked-die type of design with an 
irregular parting line is shown in Fig 
8(C). The forging plane, 
inclined to minimize 
This version of the part is light 
weight, achieves good grain flow, 
has natural draft that allows the 
flange to be forged with a 
angle. 

The same part produced as a double 
forging is shown in Fig. 8(D). Con 
sidering die cost and unit forging cost, 
this ' solution the most economical 
way to produce the part. The opera 
tion of cutting the two halves apart 
may be advantageous when the 
surfaces are be machined 

Side thrust forces imposed on the 
dies as a result of forging action must 
be borne by ledges or a counterlock on 
the parting surfaces of the two dies 
The press or hammer guides, in them- 
selves, are not rigid enough and cannot 
maintain the precise alignment neces- 
sary to avoid mismatch errors between 
the upper and lower impressions. Dies 


position because of 


however! 

thrust 
in 

and 


end 


iS side 


true right 


1S 


end 
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with counterlocks, Fig. 9(A), are 
built only when the forging’s shape ab- 
solutely requires them 
present a constant 
and they require frequent maintenance 
or replacement. Also, they often 
considerably more expensive to manu 
acture than dies without counterlocks 
Avoidance of side thrust 
isually possible by inclining the forg 
ing in the die so that the forging plane 
and the parting line are generally 
parallel, that is, by placing the extremi 
ties of an irregular parting on, or very 
nearly on, the forging plane 
The offset connecting rod forging 
shown in Fig. 9(B) employs locked 
die impressions because the parting 
line 1s staggered to follow the shape 
of the part. By inclining the forging 
the die, it is possible to produce it 
without a counterlock 
The method of locating the forging 
plane shown in the enlarged section of 
Fig. 9(B) is recommended because of 
its simplicity. Instead of making the 
forging plane intersect the parting line 
exactly at the ends of the forging, 
select points approximately 14 in. or 
less beyond each end that can be lo 
cated with an even dimension from an 
established reference on the forging 
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Fig. 1—Typical tubular parts electroformed in nickel on hardened-steel permanent mandrels. Cost of ribbed caps would be excessive 
if other fabrication methods were used. Cost of electroforming nickel at average rate of 0.010 in. per hr goes up as shape of part 


varies from plain cylinder. 


Above 0.025 in. wall thickness, advantages of electroforming become less pronounced. 


ELECTROFORMING 


Tubular and cup-shaped parts having special contours other- 


wise impractical to form can now be mass-produced. Metallic coating of 


plastics, forming of precision dies, joining of small components, and 


production of limited quantities of parts for product development are 


other applications that are of growing interest to product designers. 


RECENT IMPROVEMENTS in_ electro- 
forming techniques have put this rela- 
tively old process on a mass production 
basis. Small tubular parts that must be 
produced to close tolerances and with 
highly polished internal surfaces are 
being made at a 1,000-per-hour rate 
In addition, development of practical 
“one-shot” mandrels that are economi- 
cal to make and can be re-melted after 
production of one part, and faster 
deposition of metals—particularly 
nickel—are other factors causing de- 
sign engineers to take a closer look 
at the process. Here's what they are 
finding: 

1. That many precision tubular 
parts can be made faster and more 
economically than by stamping and 
drawing or other forming operations 
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Table 1—Comparison of Proce- 
dure For Fabricating a 
Cup-shaped Tubular Part 





ELECTROFORMED NICKEI 





1. Machine, harden and chrome plate 
steel mandrel 
 & Electrodeposit shell 
Polish and trim 
4. Remove mandrel 





Cotp Drawn 9010 Bronze 





. Machine and harden blanking die and 
ten sets of drawing dies 
. Blank bronze disk 
3. Draw—ten operations 
° Plate 
. Polish 








1 Length, 4 in.; open-end dia, }1 
£ I 2 
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that require more than a simp 
swedge or stamping operation (Table 
1) One-piece compound-shapx 
tubes having any combination of bends 


Straight edges and twists 


and cup-shaped parts ’ 
amin Laboratories, as shown | 
1, are rape ve 
2. That elect 
| f ts in a lightweight 
ng excellent appearance a 
Many types of plast 


’ 
rodeposition 
I 




















‘ 
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Fig. 2—Deposition on plastic electric shaver housing (A) saves weight and brings out 


embossed lettering. Instrument float (B) 


is made in two parts on fusible molds 


Halves are then joined with electroformed sleeve. Simple mandrel replaces expensive 
dies needed to deep draw case (4 ) electroformed in nickel 


Fig. 3—Nickel mold cavities electroformed on polished steel mandrels have many 
applications in which plastic parts are mass-produced. Smooth inner surface resists 
corrosion from molding compound and lubricant, and shapes part that is free of flash. 


practical a part that would be difficult 
or impossible to make by any other 
method (the mandrel being melted out 
of the part after it is formed, much 
like wax is melted out of a precision 
investment mold). 

1. That with either permanent or 
fusible mandrels, intel queues of 
a part can be economically produced 
during developmental stages for test 
and inspection. Even a permanent 
mandrel is relatively inexpensive to 
make since the contour is external, 
not internal as in a die 
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5. That joining by electroforming is 
often less costly than by a conven- 
tional technique suc as brazing or 
soldering. 


Factors in the Process 


Deposition of various metals on 
permanent mandrels, fusible forms or 
premolded plastic parts takes place 
in a precisely-controlled electrolytic 
bath. The current densities and solu- 
tion temperatures used are functions 
of the metal being deposited and the 
shape of the part being formed. 


Length of the plated sl 
the depth of the ele 
Several of the m 
electrodeposited 
process, but 
centered 


In the 


iron 
nickel has a rel 
rate, this being ( 
when 
, 
made 
ase for chromium 


11 


finishes and has a generally h 


ness range, dependent on type 
ind rate of deposition, as well 
shape and finish required for 

Exact re production to 
dimensions permits mass dupl| 
of parts to ¢ lose tolerances. Wi 
manent, hardened steel mandr« 
ire machined and precision 
ID tolerances of 0.0005 in. 
attained. Thickness is, of co 
function of the plating time ai 
rent density. Plating costs (I 
are, therefore, proportional 
thickness required, the complexit 
the shape and the number of | 
be made 

Close tolerances can also be h 
complicated shapes incorporating 
dercuts and special contours 
fusible mandrels required for 
parts must be carefully cast 
ished. In this case, tolerances 
usually held to +0.002 in. Gr 
accuracy is possible, but the econ 
of reproducing the ‘one-shot 
posable mandrels make smaller 
ances impractical. 

Special assemblies like the 
ment float shown in Fig. 2 


the use of fusible mandrels and 


application of electroforming 


means of joining the components 


in assembly. The left and right | 
are plated on fusible forms. Aft: 
latter are melted out, the halve 
jigged into position and the necks 


dered” together with a ‘‘plated sle« 


Capillary tubing having a min 
wall thickness of 0.005 in. and a 
of 0.002 in. can be formed on 
mandrel. The difficulty and hig! 
of drawing and annealing such 
tubing is thus avoided. By the 
token, precision tubing having 
standard dimensions is easily prod 


Mold Cavities 

Electroformed cavities are ga 
popularity as substitutes for 
molds used in the mass-producti 
long slender plastic parts lik 
hexagon-shaped pencil barrel, | 
and aircraft nose intake ducts, | 
Mass-production runs of small 
are made using a series of thes: 
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cavities 1s sub lowe! 
molding 
When the 
from the cavity, there 
no flash and a smooth finish. Simple 
imming is usually the only secondary 
The 
stance of the nickel mold contributes 

long-run economy, the 
hemicals in both the molding com 
sound and lubricant are counteracted 
Atmospheric corrosion during storage 
etween production runs is also a 
factor that simplifies overall manu 


facturing procedures 


thy 
Cills 


advantages in 


rt emerges 


peration required corrosion re¢ 


be Cause 


Electrodeposition on a Nonmetallic 


Base 


Decorative and electrical coatings on 
plastics and non-conductors represent 
still another field for electro-deposited 
metals. Many of the thermoplastic, 
thermosetting or non-plasticized syn 
thetics can be plated. These materials 
are made conductive with a film of 
pure silver. Nickel or copper is then 
electroformed on the silver, followed 
by flash or heavy coatings of chrom- 
ium, gold or other metals. Final plat- 
ing can be relatively thin if a decora- 
tive finish is desired, or thicker if a 
wear-resistant or stiffening case is re- 
quired. 

Economical sandwich constructions 
are also possible. Materials costs can 
be reduced by plating a plastic core 
with copper if an electrically or ther- 
mally conductive surface is required. 
Overall weight of parts can be de- 
creased with a laminated construction 
of this type. 






Electropolishing 

Polishing the external surfaces of 
electroformed parts is a second op- 
eration necessitated by the dull finish 
that characterizes as-plated pieces. To 
solve this major problem and to elimi- 
nate buffing, a - of deplating is 
being perfected. Applicable to all 
plated metals, this process has several 
advantages when compared to average 
buffing procedures. Less metal is re- 
moved, so that existing tolerances can 
be preserved. There is no danger of 
work-hardening the plate, as is some- 
times caused by heat generated during 
buffing operations; and subsequent tar- 
nishing is retarded through passiva- 
tion of the surface. 









Design Tips 

As previously mentioned, thick wall 
sections require extended plating 
periods and increase cost. Therefore, 
the designer should specify uniform 
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Dimensions of recesses and grooves 
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plating procedures are to be 
A good general rule is to specify a 
groove length that is two to thre« 
the depth. 

On t 
a slight taper is needed to permit sep 
aration of the shell and mandrel. If 
no taper can be toierated along an 
appreciable length, a pin hole through 
the closed end will prevent formation 
of a vacuum 

The precision model of a complex 
shape should be designed so that th 


ubular parts with a closed end 
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Fig. 4—Mold for aircraft nose intake duct electroformed in nickel. Design calls f 


heavy wall section with pressure plate working at 50 to 100 pounds per square inch 
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THE LAMBOURNE ABRADER gives controlled laboratory results which correlate very 


well with actual road tests on 


RUBBER for abrasion resistance 


“Abrasion resistance’ 


of rubber is variable, depending on which one of 


many testers you use. This property must be related to other requirements. 


The designer has a choice of natural and “chemical” rubbers; different 


compounding methods and ingredients make available many types. 


CHARLES W. WAHL 
Hewitt Rubber Div., Hewitt-Robins Inc 
ABRASION IS OFTEN CONSIDERED as 
the resultant of several properties—in- 
cluding tearing and cutting—not as a 
specific property in itself. This is 
probably truer of rubber than of rigid 
materials such as metals. In actual 
service, abrasion resistance of rubber 
products cannot be considered alone, 
but the concomitant properties of ten- 
sile and compressive strengths, hard- 
ness and resilience must be considered 
at the same time. 

It is for this reason that no labora- 
tory machine has ever been devised 
which can evaluate the abrasion resist- 
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Table I—Comparison of Tests Made on 
Two Different Abraders 


based on compound No. 1, th 
as 100. 


best, take } 


Compound Lambourne | U.S. Rubber 


No A brader Abrader 


100 100 
79 9] 
66 9S 
50 87 
49 91 
44 8) 


5S 


Oi de Yi hoe 


> 4 
3 13 


18 48 
10 36 


oo 





Propuct 


ince of rubber for all types of ser 
However, certain machines are cl 
to give results that correlate well 
For exal 
the Lambourne Abrader is said to 


re sults ¢ losely 


specific types of service 


related to tire 
wear, and the Sproul-Evans Abrad 
sandblast hose tube service life. Of 
following seven types of abrasion 
ers, the first five are based on stat 
ASTM methods, and the last tw 
non-standard and quite varial 
method 


NATIONAL BUREAU. OF STANI 
ABRADER. 1 x 1 x } in. specimens 
held by a downward force of 

against the periphery of an abra 
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ur 


es 


ot 
OD 
rom 
men 
lowe 
acto 
cans 


whic 
aora 
dire 
men 
vers 
§dec 

run 

have 





vered drum rotating at 40 rpm until 
in. of rubber has been abraded 
ym the samples. 


HE DU PONT ABRADER. 2x 2x 1 cm 
yecimens are held by a 3.62 kg weight 
azainst the flat surface of an abrasive 
tisk rotating in a vertical plane at 37 
m for 20 min 
New JeRsrY ZINC COMPANY AB 
RADER. 2 x 2 x } in. specimens of 
rubber are held against the flat surface 
of a horizontal abrasion track 30 in 
OD and 24 in. ID revolving at 30 
rom for 1,000 revolutions. The speci 
mens can be alternately raised and 
lowered to give tearing and cutting 
action, in one modification of this ma- 
cane 


UNITED STATES RUBBER COMPANY 
ABRADER. 2 x 3 x j in. specimens of 
rabber are held in a specimen carrier 
which moves the specimens against an 
abrasive wheel rotating against the 
direction of movement of the speci 
men. The rotation of the wheel is re 
versed at the time the movement of the 
specimen carrier 1s reversed. A test is 
run until a given number of cycles 
have been completed 
KELLY-SPRINGFIELD ABRADER. 23 x 
3; x } in. specimens are mounted 
tangentially by one end to the peri 
phery of a 10 in. wheel made to re- 
volve at 70 rpm. A 6 in. abrasive 
wheel travels against the face of each 
specimen at the rate of 2,386 fpm 
A test is run for 675 revolutions of 
the specimen 


THE LAMBOURNE  ABRADER. A 
molded rubber wheel is rotated so that 
its periphery contacts the flat surface 
of an abrasive wheel. In variations of 
this test, the specimen can drive the 
abrasion wheel, or vice versa, or both 
can be driven 
THE SpPROUL-EVANS ABRADER. The 
specimen is rotated while completely 
mmmersed in abrasive particles 

Most methods of determining ab- 
asion resistance have these points in 
common: After a definite “break in’ 
veriod, the rubber specimen is re- 
noved from the machine and weighed. 
After testing, it is weighed again and 
he volume lost is calculated. This may 
xe compared with a standard, the per- 
formance of which is known. 

Although such deteriorating factors 
is overvulcanization and aging will 
generally lower the abrasion resistance, 
both in service and in testing, not 
all formulations can be tested. For 
instance, compounds which “gum up” 
the abrasive give false results 

The first six machines are of the 
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Table 1l—Types of Rubber Used in Abrasive Service 


Trade or 
Commercial 


Chemical Sp 
Name 


Type Gr. 


0.92 


Natural Rubber Isoprene 
polymer 


GR-S-50 Butadiene- 
(general purpose 234°% Styrene 
* synthetic ” copolymer 
rubber 


GR-SX485 


Butadiene 
29°), Styrene 
copolymer 


Good 
Good 
{ x od 


(,00d 


Butyl Isobutylene 
GR-I-50 2°), Isoprene 
copolymer 


Neoprene GN 


Chloroprene 5 Good 
polymer 100d 


(,00d me 


Fair « l 


Buna N Butadiene- 
26°, Acrvlo 
nitrile 
copolymer 
Buna N Butadiene 
45° 
Acrylonitrile 
Thiokol FA Sodium 
Tetrasultide 
Ethylene 
Dichloride 
Copolymer 
Acrvlic Acid Excellent 
Ester 
polymer 


Polvacrylic 
rubber (Hycar 
PA 
Sihcon 
Oxygen 
copolymer 


Silicone 


Rubbe r 


Useful Properties 


Good heat resistance 


Verv good abrasion resistance 


impermeability 
acid resistance 
aging in au 


[ypical Apphcations 


2 Very good abrasion resistance Belt cover 
High resilience and good tear 


Sandblast hose tube 


Hot materials 
be It cove 


lire tread 


pases lire 
Acid hose 
Hot mater: 


inner 


aging in steam 


s inhight 


flame 


resistance 


tal adhesior 


resistance 


} er 
ca 





Table I111—Properties of High Gum Stocks 


Tensile 
Strength 


psi 


Elongati 
percent 


3,000 
600 
500 


Natural Rubber 
GRS-50 

Butyl (GR-I-50 
Buna N 

26% Acrylonitrile 700 
Buna N 

45°, Acrylonitrile 
Neoprene (GN 


Thiokol (FA 


1,000 
3,500 
165 


n Duron 
Har ine 





same “type” and yet results amor 
them do not correlate. Table 
results of tests run on two types otf 
abrasion machines. In general, a tire 
tread type compound gives superior re 
sults on this type of machine and re 
sults are roughly like those obtained 
in service with a tire tread, belt 
or chute lining. The seventh machine 
listed seems to be in a class by If 


itseit 


] show Ss 


cover 


1950 


service 


Ty pes of Rubber 


The unique propert 


es of the new 


syntheti c chemical rubbers a 


engineering despit 


“ 
nore difhcult process 
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SILICONE RUBBER (Silastic 250) is 
extremely good for specialty applications 
where abrasion resistance is required over 


a wide (— 100 to 160 F) temperature range 


SANDBLAST HOSE in 
shows the soft resilient tube which takes 
harsh abrasion of cutting sand and shot. 
Tube extra thick for 


cross-section 


long service wear 





Table IV—Properties of Tread Type Compounds 


Pensile Llonga 


otrengtt tion 


psi percent 
Natural Rubber 200 375 
GR-S-50 2,500 350 
Butyl (GR-1-50 $00 
Buna N 
26°, Acrylonitrile 500 
Buna N 
$5°,, Acrylonitrile 
Neoprene (GN 
Phiokol (FA 


Shore 


Durom 


Hardne SS 


Order of 
Best (1) to 
Worst (7 
du Pont Mch 
\brasion 
Resistance 


Relative 
lear 


Re silie nce 
percent 


eter 


50 100 
40 30 
10 70 





ing of some types. Table II lists rep 
resentative types of chemical rubbers 
and natural rubber used in abrasive 
service, together with some of their 
unique properties and suggested ap- 
plications 

It is frequently necessary to sacrifice 
one Or more properties to get the 
desirable properties which suit a rub- 
ber compound for a particular service. 
In any single compound, the best ab- 
rasion-resisting formulation may not 
be obtained because of these limita- 
t10ns 

1. Cost: High reclaim, high load, 
or cheap fillers may reduce cost but 
also reduce abrasion resistance. 

>, Color: Maximum abrasion re- 
sistance is obtained by using carbon 
blacks ; however, new light-colored pig- 
ments—fine particle-size silicas—show 
good abrasion resistance in light 
colored stocks. 

3. Specific properties obtained by 
compounding: Low durometer (very 
soft) stocks, maximum heat resistance 
or high dielectric strength compounds 
are examples of compounds which are 
likely to be poorer in abrasion resist- 
ance. 

Outside of the polyacrylic and sili- 
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which should be con 
sidered for specialty uses, the remain 
ing rubbers can be listed as follows, 
it order of decreasing abrasion re 
stance: 
GR-S X-485 
Buna N 
Neoprene Gn 
GR-S-50 
Natural 
Butyl Fair 
Thiokol FA.. ee 
The X-485 GRS is the popularly 
termed ‘“‘cold rubber’. Actual road 
tests have shown that cold rubber has 
about 20 percent more life than na- 
tural rubber treads. However, not all 
X485 GR-S compounds, for example, 
will be better abrading than natural 
rubber compounds; it depends on the 
compounding. Therefore, the forego- 
ing listing is only for one type of 
compound which is supposed to ex- 
hibit the best abrasion resistance to 
the exclusion of other, possibly just as 
important, properties. 


cone rubbers, 


Good 
Good 
Good 
Good 


Very 
. Very 
Very 
. Very 


.Yery Good 


General Properties 


The chemical rubbers are more difh- 
cult to vulcanize than natural rubber 
but are generally more resistant to 


Propuc! 


gum 


and other 

which tend to destroy them. P 
crylic (Hycar PA) and silicone r 
are specialty rubbers which, becau 
their high price, 


aging, chemicals, 


have very li 
Service However, in ertal 
tions their cost is well 

PA can be 


500 I 


used at a 


while silicone 
used in a 100 to 500 | 
range. 


Table Ill 


natural rubber 


| | 
Shows tin l 
and 


rubbers in 


erties ol 
monly used chemical 
stocks—those with little or 
filler and oil, and containing only 
necessary vulcanizing, anti-oxidant 
sun-resistant Table IV sh 
relative properties of natural 


agents 
the 
ber and the chemical 
type” stocks which loaded 
about 50 parts of carbon black 
The ability of some of these rul 
to withstand heat aging is shown 
Table V. Deterioration of rubber 
room temperature period 
somewhat similar to < 
rioration of them at elevated tem} 
tures over a period of days. Buty 


I 
rubpers in 


are 


over a 


years 18 


1 good low cost rubber for servi 
elevated temperatures (250 F) 

Table VI illustrates the differe 
in volume increase of the va 
polymers in regular gasoline and 
a 40 percent aromatic fuel Tl 
tests were made on high gum stock 
Compounds containing oil and fil 
will swell considerably less. This t 
clearly demonstrates, however 
superiority of some of the chen 
rubbers to natural rubber in resistar 
to this type of deterioration. Hig 
volume increase im a rubber « 
pound produces a “‘tender’’ compo 
with reduced tensile, tear and a 
sion properties. 


Abrasive Applications of Rubbe: 


Where rubber can be used to 
steel, such as in ball mills, chutes 
concrete mixers, and similar extrem¢ 





Table V—Heat Aging Characteristics ot 
Natural and Chemical Rubbers 
(Oven Aging at 250 F) 


' 


Percent {Dur 
Percent ot eter 


of Original} Har 
Original | Elonga- | _ness 
Tensile | tion | Char 


Natural Rubber. 

GR-S-50. 

Buna N (26% 
Acrylonitrile) 

Neoprene GN. 

Butyl GR-I-50 
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—~Resistance to Fuels 


Table VI 


Increase 


percent 


Aromat 


S—50 

iral R ibber 

tyl GR-1-50 
N prene GN 

na N (26! 

rile 

ne N (45°; 

nitrile 


vkol FA 





porasive services, a direct comparison 
steel and rubber been 
made. Rubber liners have been re 
yrted to outlast steel liners by ratios 
fom 5:1 to as much as 25:1. In addi- 
von, rubber resists corrosion by both 
idic and basic chemicals 

Although most applications of rub 
er and rubberlike materials require 
some abrasion resistance, many are not 
ought of specifically for this re 
quirement. However, to understand 
he principles of applying rubber in 
brasive services, two types of prod 


tween has 


cts requiring a high degree of abra 
ion resistance—hose and conveyor 
are described here. It is hoped 
hese principles can | 


elts 
pe carried over to 
ther rubber applications 


1osE. Hose designed to carry abra 
ive materials can be classified into 
wo types: (1) Those carrying liquids 


Edge 


Top cover 


Sreoker strip 


containing large amounts of abrasive 


suction hose 


and (2) 


material, such as sand 


sleeves; those 
carrying dry grit, 
The latter typs 
resilient tube which 


ingredients 


and dredge 
such as sandblast 


hose has a highly 
little or 


Where the 


charges 1s 


ontains 
no ‘loading 
buildup of 
likely to 


electros*atu 


occur, many users of sand- 


blast hose prefer a tube compounded 
electrically 
Sand _suct 


] 
siceve 


with 
black 


dredge 


conductive carbon 


ion hose tubes and 


tubes however, are 
compounded with greater amounts of 
carbon black to give maximum abra 
sion resistance for this type of service 

Abrasives-carrying hose are con 
structed with extra thick tubes, } to 
} in. wall thickness, to maxi 
The inner surface 


must be very smooth, since even very 


obtain 
mum service life 


small projections will cause turbulence 
and consequent wear on one area. To 
prolong the life of these types of 
the designer should make pro 
vision in the equipment for: (1) 
Keeping the hose as straight as pos 
sible during use to maintain minimum 
impingment of 
the hose tube; and (2) if the 
bent, rotating it at intervals 
to prevent continuous impingment at 
one point 
Hose 
give maximum abrasion and tear re 
sistance, especially for 


hose, 


the abrasive against 
hose 
must be 


covers are compounded t 


hose that ts 
dragged over sharp stones or rocks 
Cover compounds are compounded 
with 


also sun minimize 


checking” caused by sunlight 


resistors to 


Like hose, rubber 
belts are 


materials 


CONVEYOR 
covered 
Carry a 


BELTS 
conveyor 
wide variety of 


used to 


Shim coot 


a heavi f 


hemical 


Wou#© ¢ 


natural 


Conveyor delt ar ucte 
The 


; er nil 
icwel } Ics 


straight-ply 
a | 


stepped ply has 


the center of the belt 
which 
better and lasts longer 


ing through The 


1! 
Allowing [to 
} 


cover absorbs shock 


before weat 

stepped ply belt 
PI t 

having fewer 


center plies, ‘troughs 


easily and contorms well to the 
A. shock pad 


also availabl 


more 
idlers construction ts 
This 
helps 
from pe neture 


e for severe service 


pad of highly resilient rubber 


to protect the cover 


and also shields the 

ture by yielding to sudde 
Cord construction 

t10n 


fabric construc 


uughing, and in al 
impact 
apdrasion 


lie 
Quality 


Neoprene or Buna N 
carrying oily 
coal Neopr 


treated rene 


Bottom cover 


Frictioned duck plies 




















ent ‘ : ‘ 





THREE TYPES OF BELT CONSTRUCTION: (A) The straight ply beit is the general purpose type. (B) The stepped ply belt 
has more rubber covering in the center for longer wear. (C) The shock pad belt has a resilient cushion under the top cover to 
absorb the sudden shock of heavy loads and give longer life to the wearing surface of the belt. It also reduces shock to plies. 
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Table VII—Hot Materials Belts 


Maximum Temp., F 
Cotton Synthetic 
Fabric Fabric 

Belt Belt 


When belt is running in 200 
a close | chamber 

When belteis carrying 
fine material 

When belt is carrying 
lump material 


‘Corton fabric chars at about 300F 





has the. disadvantage of stiffening in 
cold weather and therefore its use 
is a belt cover is limited to tempera- 
tures above O F. Plasticizers which 
would help neoprene to retain its 
flexibility at lower temperatures rob 
it of much of its abrasion resistance 
Use of a natural rubber or GR-S 
belt in even mild or intermittent oil 
service is not recommended because 
the swelling which may take place 
in the top cover of the belt will give 


the belt a contour opposite 
the idlers and not allow it 
properly 

A belt cover not compounded for 
heat service will have greatly reduced 
life if used at temperatures higher 
than about 150 F. Above this tem- 
perature, a special hot materials belt 
should be used; one of the chemical 
rubbers is used for this type of belt 
GR-S or butyl can be used for non 
oily hot service, but neoprene or Buna 
N should be used for hot oily mate- 
rials even though their cost is greater 
Table VII specifies maximum tempera- 
tures recommended for three distinct 
kinds of hot material service. With 
one exception, these temperatures are 
based upon the ability of the cover 
compound to withstand the tem 
perature 

Much can be done in the design 
»f a conveyor belt system to minimize 
cover wear and fabric damage. Th 
critical point of a conveyor is the point 
at which it is loaded, for here it re 
ceives its greatest abrasion and nearly 
all its impact. Material should leave 
the chute at the same speed and direc- 
tion of travel as the belt and land on 


vith the least amou yt imy 
Fine material 1 fall on the 
first to previde a ishion§ tor 
heavier material. This can be accor 
slightly fann 
row of bars at the botrom of the chut 
The material should not hit the | 
over a pulley However if this 
unavoidable, the pulley should be 
ber covered or of the pneumatic typ 


plished by use of 


To prevent wedging of material | 
tween chute and belt, there shou 
be a minimum of two inches betwe 
the steel chute and the belt, and th 
distance should be made _ increasin, 
in the direction of travel of the be! 
The belt at the loading point shoul 
be in a troughed position. The | 
should be designed to run at a speed 
such that the belt will be filled 
capacity. This allows for minimu 
belt speed and consequently minimut 
belt wear 

It should be remembered that f 
applications of rubber demand max 
mum abrasion resistance; this allows 
the various rubbers to be compound 
in such a way as to obtain an opti 
mum balance between cost and p 
formance. 





Spring Reverses Electric Motor in Four Mailliseconds 


A METHOD FOR REVERSING a small 
electric motor in three to four milli- 
seconds has been developed at the 
National Bureau of Standards by Jacob 
Rabinow, inventor of the much-pub- 
licized magnetic clutch. Although in- 
tended specifically for attaining high- 
speed reversal of magnetic tapes in 
electronic digital computing machines, 
the technique may prove useful in many 
other applications. 

While it is relatively easy to stop a 
motor, quickly with brakes, rapid starts 
in either the same or the reverse direc- 
tion are limited by the low torques that 
can be obtained by electromagnetic 
means alone. In the Bureau's rapid- 
reversal motor, the kinetic energy of 
the rotor, instead of being dissipated as 
heat in a brake during deceleration, is 
converted into potential energy in a 
spring, which is then used to accelerate 
the rotor in the opposite direction. 

A small low-inertia two-phase motor 
operating at 3,200 rpm is used. The 
reversal spring consists of a steel tor- 
sion bar approximately 31 in. long and 
*s-in. in diameter. Only oné phase of 
the motor is connected to the a-c power 
supply; thus the motor will rotate in 
the starting direction, either clockwise 


or counter-clockwise. The motor shaft, 


is rigidly connected to one end of. the 
torsion bar, which is equipped at the 


152° 


other end with two positive unidirec 
tional clutches. One clutch prevents 
clockwise, and the other counter-clock 
wise, rotation. If the motor is rotating 
in a clockwise direction and the proper 
clutch is engaged, the adjacent end of 
the torsion bar is stopped, thereby 
bringing the rotor to a stop in approxi- 
mately 20 degrees. The potential en- 
ergy stored in the torsion bar is then 
returned to the rotor in the form of a 
counter-clockwise impulse, and the 
motor attains virtually full speed in the 
new direction within three millisec- 
onds. 

Two methods are used to check the 
reversing time of the motor. For the 
simpler test, a black disk bearing a 
white index-line is mounted on one 
end of the motor shaft and photo- 
graphed against a circular scale, using 
a high-speed motion-picture camera at 
approximately 4.000 frames per sec- 
ond. When the film is run through a 
projector at the normal rate of 16 
frames per sec, the behavior of the disk 
is easily observed. When the motor is 
rapidly reversed; thé backward speed 
is, for a short time, slightly lower than 
the speed before reversal because the 
ball-bearing assembly that supports the 
bar does rot reverse. its rotation as 
rapidly as.does the motor shaft. 

The second means of measuring re- 


versal speed involves locking the 
end of the shaft and applying dire 
current to one winding of the moto 
while feeding alternating current to t! 
other winding. Oscillations are thus i1 
duced in the rotor-torsion bar; and, by 
varying the frequency of the current 
it is possible to determine the fre 
quency of torsional resonance. TI 
time required for the rotor to revers 
can be easily computed, since it is on¢ 
half of one period of a torsional oscil 
lation at resonance. The resonance in 
the system tested occurred at approxi 
mately 125 cycles per second, indicat 
ing (in a period of eight milliseconds) 
a reversal time of four millisecond 

In the experimental model of the 
rapid-réversal mechanism built at the 
Bureau, the clutches are operated man 
ually, but it is expected that, in norma! 
use, the clutch mechanism will be op 
erated by suitable electromagnetic con 
trols. Although the studies thus fa 
have centered around a small motor o! 
about 1/75 hp, it is anticipated tha 
motors of all sizes could be reversed 
—— by this technique, the speed 
of reversal being limited only by th 
mechanical strength of the various 
parts. Moreover, by use of suitable cir 
cuits, rapid reversal of motors can b 
obtained without producing large cu 
rent surges in supply lines 
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Standardized Hydraulic Symbols 





que 
“A” Elementary 


mponent 
ss Symbol__ 


Pump 





Cylinoler 
S mple 


Multi-volume | 


With locks 


2. Two-way flow 


—>~< 





3. Emergency flow 


“A”Elementary “B” Typical 


Remarks oO 


1Donent 
poner Symbol Fu 
Selector 


oe 


p 


2- way 


*“B" Symbols 
approximately 
to shape 


—— —_= 


“B” Symbols 
approximately 
to shape ,with 


filters etc 4-way 


“B''Symbols should] 
be shown in their 
their relative | 
maanitudes, 
trav els, etc. 


RB" 


> 
t 

Complex by diaarammatic rex 
I 


30th “and 


Represent lock 
action 
diagrammatically 
if practicable | 


n ertair ses the “™ 


made up of two or more simple 


te relatina to the nterc 


Pipe Line Conventions 


4.Pipe connection-internal 5. Pipe connection-externa 


adie he 


nbo 


represent 


nstr 


6.Pipes 





Standardization of 

Hydraulic Symbols 

From “Standardization of Hydraulic Sym- 
bols” by H. G. Conway, The Engineer 
(London) ; December 30, 1949, page 772. 
EFFORTS HAVE BEEN MADE by the 
British Standards ion, in the 
publication “Graphical Symbols for 
General Engineering’, to standardize 
methods applicable to at least the sim- 
plest and commonest elements of hy- 
draulic or steam systems. Publication 
of Part I, “Pipes and Valves’ 
B.S. 1553 has already been published 
These symbols may be suitable fo: 
the elementary type of circuit diagram 
but the complete or comprehensive 
diagram of an extensive hydraulic 
system requires more descript and 
less symbolic “symbols”. 

Three types of diagrams are needed 
for full comprehension of a complex 
hydraulic system: (a) A simple con- 
densed diagram illustrating the prin 
ciple of the system; (b) A complete 
detailed theoretical diagram showing 
the whole system in its entirety; and 


Institut 


ot 


ive 


(c) A_ perspective drawing showing 
the physical location of all compo 
nents in the machine, vehicle or 
plane. It the first of 
diagrams that concern the hydraulic 


engineer. and in which standardization 


icro 


is two these An unloading val 


as a block diagram 
tion does not no 
is needed. 
The elementary diagram should in 
clude only such items as are necessary 
to understand how the system operates 
For example, whether a constant dis 
placement pump with unloading valve 
a variable delivery pump i 


is used 
double act 


Or 
whether the system is 
or acting; whether it 
or closed circuit. 

It therefore 
refinements in 


restriction 


singl: 
is desirable 
the system, 
filters or valves: or 
duplication of items 
the 
comprehensible 
when in reality, sever 
in parallel 

It is also unnecessary for the 
prehension of the system's operat 
to have constructional features of the 


components revealed. A selector can 


) Components 
I 


such as actuating on the 
vlinders, system being yuall o the ar 


ran 


one unit 


com 
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E 


to t relati size of similar com 
yonents ind small actu 


I 


ylinders should be shown 
pr ills 

d) Symbols 
which illustrate the principal construc 


tional features of the component. A 


appro 


should he chosen 


poppet selector should be shown with 


valves, a slide selector with a slide 
This should not, however, be allowed 
to interfere with the simplicity of the 
symbol that is necessary for easy un 
derstanding. 

(c) While pipe-to-pip 


ne tions should not normally be shown 


line con 
all tee and cross, connections should 
be shown as faithfully as possible. In 
ternal should be made 
with a dot, and the various symbols 
that represent a complete unit should 
be boxed with dotted lines 

(f) Pressure settings of _ relief 
valves, reducing valves and the like 
should be indicated the 
symbols. 

(g) Pipe sizes should be indicated 
where possible 

Certain conventions that have been 
adopted for piping and to show the 
direction of flow are illustrated in the 
chart. Although B.S. 1553  recom- 
mends breaking one pipe where it 
crosses another, “‘looping’’ may be 
preferred to avoid mistakes, especially 
on small scale diagrams. In the case of 
printed diagrams, additional use may 
be made of multi-color printing to 
identify different circuits. 


connections 


close to 


Effect of Fuel Immersion 
On Laminated Plastics 


Abstracted from National Bureau of 
Standards, U. S. Department of Com- 
merce, Washington 25, D. C. Technical 
Report 1436. 

CHANGES IN WEIGHT and in the di- 
mensional and flexural properties of 
laminated plastics immersed in three 
hydrocarbon liquids have been meas- 
ured at the National Bureau of Stand- 
ards as a means of evaluating the 
relative resistance of the laminates to 
different fuels. Constituting one phase 
of a continuing program on the proper- 
ties of laminates for a wide variety 
of aircraft applications, the tests were 
designed to provide data needed in 
the preparation of specifications for 
those plastics found suitable for use 
as auxiliary (droppable) fuel tanks, 
radomes, instrument panels, and con- 
tainers. The study involved the de- 
termination of the effects on repre- 
sentative laminated plastics of cyclic 
and continuous immersion in three 
fuels. The laminated plastics tested 
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were: lignin and paper; melamine and 
fabric; phenolic and asbestos 
phenolic and cotton 
phenolic and rayon fabric; 


cotton 

fabric; 
phenoli 
and paper; polyester and cotton fabri 
and polyester and glass fabric 

The cyclic immersion test consisted 
of 10 alternate 24-hour 
of fuel-immersion and air-drying 
Weight, dimensional measurements, 
and flexural determinations were made 
after reconditioning at 77 F and 50 
percent relative humidity for 48 hours 
For the continuous immersion 
duplicate sets of specimens were im 
mersed for 7. 30. 90, 180. and 360 
days. On one set of specimens weight, 
dimensional, and flexural measure 
ments were made immediately after 
removal of the specimens from the 
fuel and on a second set, after recon- 
ditioning for 7 days at 77 F and 50 
percent relative humidity. The fuels 
used for these tests were heptane (an 
aliphatic hydrocarbon), toluene (an 
aromatic hydrocarbon), and SR-6, a 
representative aircraft test fuel com- 
posed of blended aliphatic and aro 
matic hydrocarbons. 

Dimensional and flexural strength 
changes are the principal properties 
to be considered in many of the air- 
craft applications. Most of the mate- 
rials may be used for this purpose. 
Considering only the 360-day con 
tinuous immersion test, a cotton-fabric 
phenolic exhibited the least changes 
in dimensions, and a paper phenolic 
laminate showed the smallest changes 
in flexural strength in the three fuels 

In all three fuels the weight changes 
of the majority of the laminates were 
less than 1.0 percent in the cyclic test, 
and did not exceed 1.5 percent after 
360 days of continuous immersion. 
The largest weight changes were 
usually obtained in toluene. With 
very few exceptions, the length ana 
width changes after either the cyclic 
or the 360-day immersion in the fuels 
did not exceed 0.1 percent. 

The best weight and dimensional 
stability in all three fuels in the cyclic 
test was observed with the glass fabric 
unsaturated-polyester laminate. After 
the 360-day immersion test, the weight 
and dimensional changes were, in the 
majority of cases, equal to or higher 
for the samples that were tested im- 
mediately than for those that were 
reconditioned before testing. 

The changes in flexural strength for 
the cyclic test and after the 360-day 
immersion test were, im most cases, 
negative. However, the losses were 
not over 10 percent for all of the 


fabric : 


periods 


test, 


samples. 
The changes in flexural modulus of 


T 
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elasticity were, in the majority 
cases, negative in the cyclic and 
continuous immersion tests. In 
cyclic test losses greater than 10 | 
cent were shown only by the cott 
fabric unsaturated-polyester 
After 360 days of immersion no los 
greater than 10 percent occurred 
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New Gas Engine Design 


Abstracted from “New Type Gas Engine 
Installed on Gas Transmission Line 
Power, April 1950. 
RECENT INSTALLATION of a 1,600 | 
gas engine and compressor set points 
up the apparent trend to re-evaluat 
and redevelop the spark ignition, 
engine. Compared to other fuels, na 
ural gas is now in a favorable pos 
tion in many parts of the country 
More use is being made of by-product 
gases, and this type of engine should 
find more applications with the 
crease of natural gas transmission lines 
The important features of this g 
engine are: spark ignition, two-cyc! 
operation with uniflow scay enging 
cam-operated exhaust valves, and 
higher compression pressures. This 
8-cylinder engine has a 16 in. dia 
piston and a 16 in. stroke. It operates 
at 320 rpm and at a 77 psi bmep 
There are two scavenging cylinders 
which gives a certain amount of super 
charging. This scavenging pump in 
creases the blowdown and charges the 
cylinder with a greater weight of air 
As a result, a higher mean pressure can 
be developed without higher cylinder 
temperatures. The maximum pressure 
is about 280 psi, which is almost twice 
that of conventional gas engines. 
There are a number of design de 
tails which are interesting. The cy! 
inder liners are removable and have 
water jackets that are cast integrall) 
into them. This construction reduces 
the possibility of cooling water leak 
age. The wrist pins are bolted to an 
inner wall inside the piston. This 
construction gives the pistons un 
broken outer walls. These pistons arc 
cooled by means of an oil spray which 
covers the upper inside part of the 
piston. In each cylinder there are two 
exhaust valves which are driven sep 
arately by rocker arms and a can 
shaft. This valve gear is pressur 
lubricated. The connecting rods and 
crankshaft are forged. The ignition 
system consists of a low-tension mag 
neto which distributes current to 4 
high-tension coil located on each cy! 
inder head. The fuel gas is supplied 
to the engine at 40 to 60 Ib per sq 
in., depending upon its quality. Ther 
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hree separate pro tive devices to 
d against: (1) overspeed, (2) 
cation oil failure, and (3) exces 
jacket water temperature. 
iis engine has been installed at 
West Monroe Louisiana Station 
the Tennessee Gas Transmission 
ompany. Experimental testing of a 
e-cylinder experimental unit dem- 
ynstrated fast starting, even firing on 
il cylinders at no load, and smooth 
inning at low speeds down to 4 of 
he rated speed. Overload capacity 
eyond norma! field requirements was 
bserved and low exhaust tempera- 
ires measured at all loads. Good 
conomy of this engine was reported. 


Fuel Gage Indicates Weight 
Rather Than Volume 


\bstracted from “Airplane Fuel Gage,” 
lectrenics, April 1950, published by 
McGraw-Hill Publishing Co., 330 W. 
(2 St, New York 18, N. Y. 
ABORATORY ACCURACY is provided in 
1 rugged electronic instrument that 
neasures the weight of fuel, rather 
han volume. Designed for aircraft 
ise, it employs the self-balancing 
tidge principle. 

During the latter part of 1942, the 
lisadvantages of the conventional float 
ypes of gasoline gage for aircraft be- 
ame apparent. This gage employed a 
ork or hollow metal float to measure 
he level of the fuel: the information 
vas then transmitted via gears, mag- 
ets and/or selsyns to an indicating 
astrument on the pilot's or flight en- 
vineer’s instrument panel. Serious 
etrors resulted from gasoline slosh, the 
olumetric expansion af gasoline with 
aM increase in temperature, changes in 
1pply voltage and wear in mechanical 
nkages. 

In the effort to obtain a better fuel 
uantity gage for both military and 
mmmercial airplanes, this capacitor- 
type gage was developed. It makes use 
f the dielectric constant of gasoline, 
which varies of 1.85 to 2.3, depend- 
ig on the temperature and the constit- 
rents of the gasoline 

The basic detecting circuit is a 
tidge with two capacitance legs and 
two inductance legs. One of the ca- 
pacitance legs is a concentric tube ca- 
pacitator that is mounted vertically in 
a cell of the gasoline tank. 

Any change in fuel level, unbalances 
the bridge. The unbalance voltage is 
anplified and fed to the control circuit 

' a motorized potentimeter. Move- 
ment of the potentiometer arm again 
calances the bridge. Since its position 
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is directly related to the amount of 
fuel, the potentiometer arm can be 
used to drive a dial pointer for direct 
indication of fuel level. 

Variations in volume caused by tem 
perature changes do not unbalance the 
bridge because such variations are 
almost entirely compensated for by 
specific gravity changes. Thus, the gage 
reading is truely proportional to weight. 


Impact Stresses 
In Systems of Bars 


Foreign abstract from “Impact Stresses in 
Systems of Bars’, two parts, by Boris N. 
Cole, The Engineer (British), March 3, 
1950 and March 10, 1950. 
IN EXISTING discussions of impact 
waves engineers have adopted either 
the medium of operational calculus, or 
that of grapnics. A non-calculus an- 
alysis is offered here to compute, 
within limitations, the maximum stress 
resulting in various systems of bars 
from a single impulsive blow. Since 
the main concern is to verify that the 
material will not be stressed beyond 
its elastic limit, only elastic waves are 
considered. Plastic deformations are 
excluded. 

The fundamental equations 
wave motion are taken as: 


a= \ . ft/sec 


particle, or surge velocity = 


for 
propagation velocity = 


; 
ft/sec 


w= 


ap 
where E is Young's modulus, f is the 
axial stress associated with a wave, 
and p is the density of material. With 
a compressive wave (f positive) the 
velocities w and a4 are co-directional. 
In a tensile wave, w and a4 are opposed. 

In regions of wave superposition, 
it is assumed that component stresses 
and particle velocities may be added 
algebraically to give absolute values. 
The common surface between two bars 
is taken to have one velocity and 
equilibrium of forces is postulated at 
the same point. 

With this in mind, it can be shown 
that at a change of section: 


f, Set f; 
ks+il 

ba 2s P 

ial ks+1 ]?° 


where f, and f, designate respectively 
the transmitted and reflected waves re- 
sulting from the incident wave f,, & is 
the ratio of the areas, and 


& = Q; Pi/G2, Ps 
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The axial impact of two bars can 
now be investigated. Bar 1 per 
mitted to impinge with velocity V 
upon rigidly supported bar The 
primary stresses are found as follows 


is 


The effects of wave reflections from 
the fixed end of the rigidly supported 
bar are sumed for n cycles in bar 2 


-_»f/1-R\, 
~ ee ae 
1) 


using R (Ks (Ks +1). This 
stress will reach its ultimate value im- 
mediately before interruption by the 
return of f, after reflection from the 
free end of bar 1. For this condition: 


; Ly ae 
ell lL “ 

In Bar 1, the primary stress f, is in 
creased by the addition of that portion 
of f, that is transmitted across the com 
mon surface each time f, is reflected in 
Bar 2. This process goes on until the 
return of the reflection of f, from the 
end of Bar 1 to cau 
Hence in Bar 1: 


oe 


interference 
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From a consideration of joint con 
ditions, it can be proved that any dis 
cussion of impact 
from the viewpoint direct 
must lead to absurd results. However, 
the concept of shear waves, acting as 
compliments to waves of direct stress, 
brings the problem to a rational solu- 
tion. Shear waves are handled in 
roughly the same manner of treatment 
as the direct 

The new 
provement in accuracy ove 
energy concept of impact and 
itself simplier than the methods of 
operational Conventional 
strain theory posulates that the whole 
of the impact system is motionless for 
an instant. Both shear and direct 
stress waves are disregarded. Curves 
can be drawn of the assessments of 
the strain energy theory analysis and 
the shock wave anaiysis of a given 
problem. The results of the two will 
have common asymptotes but varia 
tions will otherwise be considerable 
The strain energy theory sometimes 
gives high values but more often, 
values lower than the truce 
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GENERAL PLANT VIEW of the new USAF Manufacturing Methods Pilot Plant in Adrian, Michigan. The plant has £7 acres under 
roof. During the last war Bohn Aluminum and Brass Corp., who occupied the plant, made aluminum extrusions. 


Air Force Pilot Plant Open to Industry 


SET UP UNDER THE SPONSORSHIP OF 
THE AIR MATERIAL COMMAND OF 
THE USFA, a new Manufacturing 
Methods Pilot Plant at Adrian, Mich., 
will serve as a testing and development 
proving ground for any American in- 
dustry interested in the extrusion or 
forging of metals. 

The Air Force, working with the 
Gerity-Michigan Corp., and Hydro 
Press, Inc., has gathered together the 
biggest and best in the way of equip- 
ment. Fifteen extrusion presses now 
installed range in size from 1,650 to 
5,500 tons. Four forging presses being 
installed range from 600 to 15,000 
tons, and a 75,000 ton giant is being 
built. These and other equipment and 
service, are available to industry on a 
“use time” fee basis. The big advan- 
tage to industry, of course, is that of 
having top facilities for research and 
development available, at no capital 
investment costs. Fees for facility use 
will be nominal ones designed to cover 
maintenance costs. 

The new development plant should 
provide American industry with: (1) 
new extrusion methods for all types of 
metal, (2) increased knowledge of 
and use of the forging methods, (3) 
new design concepts, and new uses for 
extruded and forged parts, and (4) a 
broader basic ners ne of the effects 
of heat, pressure, and die design. The 
aircraft industry will probably be the 
most extensive user of the new pilot 
plant, but will by no means have a 
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monopoly on the facilities. In an emer- 
gency, of course, the Air Force can 
take over facilities and channel devel- 
opment work along priority lines. 
During the last war the Air Force 
found U. S. industry short on forging 
techniques and equipment. From all 
indications the Russians are ahead of 
us now—thanks mainly to captured 
German equipment and technical tal- 
ent. The Adrian project intends to 
change this situation. 

This is the way the plan works. 
Company X is interested in metal 
forming and has a new idea to work 
on. It then contacts the Gerity-Michi- 
gan Corp., who runs the model plant 
for the A.F. on a contract basis. Air 
Force engineers confer with Co. X and 
G-M personnel to see whether the idea 
is feasible and can be scheduled. When 
the idea has approval Co. X moves in 
its own technicians to collect data as 
the idea is tested. Air Force techni- 
cians also keeps notes on progress and 
circulate the information gained freely 
among American industries, except in 
the case of secret projects. 

The next big project at the new test 
plant will be the construction of larger 

resses. One 75,000 ton press that has 
ee under study will be the largest 
yet built. It could forge a complete 
wing stabilizer with one die. This is 
important to the Air Force, which does 
not consider present forging, largely 
drop hammer work, satisfactory. 

It should be emphasized that this 


MADE IN GERMANY, this 30,000 ton 
press is now in Russia, along with the 
traimed German technicians who have the 
basic knowledge to use it effectivels 
Presses such as these gave the Germans 4 
big advantage in the last war. In making 
aircraft propeller blades, for example, the 
Germans were able to beat our top pro- 
duction by several hundred percent. The 
new pilot plant at Adrian will put us in 
a more competitive position. 
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development plant is not re- 
ed to military projects. All types 
anufacturing, within the limita- 
of forging and extruding, can 
he facilities. Projects are not lim- 
to light metals, but include all 
ods and materials where results 
be obtained by use of greater pres- 
; and heats. 

lydropress, Inc. of New York City, 
stalling the Jarge German presses. 
15,000 ton cavity press will weigh 
it 1,000 tons when assembled. It 
yiires a 30 ft excavation for the 
‘oundation. The four tie rods are 3 ft 
iameter, 50 ft long, and weigh 65 
each. The big press should be 
y to use by January, 1951. Other 

) pment is ready for use now. 


Rocket-Driven Stake 
“Anchors” Light Planes 
To Shorter Landing 


ENGINEERS of Air Material Command 
ind All-American Aviation are experi- 
nenting with an “anchor” that shoots 
self into the ground, holding back a 
light plane or glider so that shorter 
runways can be used. 

The “anchor” is a 28-inch tube, 13 
nches in diameter. It is inserted into 
i holder near the tail assembly of the 
plane. Just before touching the ground 
lunng landing the pilot pushes a 
sutton that discharges rocket propel- 
ant in the steel tube driving it 18 
aches into the ground at a 45 degree 
angie. 

Attached to the anchor is a 200- 
foot stainless steel ribbon wound on 
1 hydraulic brake that absorbs the 
energy at the time of the braking ac- 
tion and permits a smooth, easy stop 

An L-13 liaison plane, coming in at 
75 miles an hour can be landed with 
the explosive anchor in 168 feet, rather 
than the usual 700 feet. The Air Ma- 
terial Command reports that in ground 
tests, the anchor withstood a pull of 
25,000 pounds. There is little recoil 
shock when the rocket is fired. The 
steel riboon can be used at least 100 
times before replacement. 


Proposed Exchange Program 
May Benefit Smaller 
Manufacturers 


SMALL FABRICATING and other metal- 
working firms, and small businessmen 
generally will undoubtedly benefit 
‘rom the State Department's proposed 
aternational science and_ technology 
‘xchange program, says John C. Green, 


director vw. ztce Department's 
Office of Technical Services. 

The OTS now disseminates technical 
information originating in Govern- 
ment laboratories or resulting from 
government-sponsored work in private 
research centers. 

The proposed science exchange pro- 
gram is set down in a 170-page re- 
port made by Dr. Lloyd V. Berkner, 
since 1933 a scientist on the staff of the 
Carnegie Institution of Washington 
Berkner was hired last October by Sec 
retary of State Dean Acheson to 
“study and report on the responsi- 
bilities and functions of the Depart- 
ment of State in connection with the 
national science policy of the United 
States.” 

The State Department intends to 
carry out all of Berkner’s recommenda- 
tions which include the setting up of 
a Science Office in the State Depart- 
ment and the employment of “high- 
grade” scientists as science attaches at 
the various U. S. embassies overseas. 

Berkner claims that we can get more 
out of foreign countries than they can 
from us. Reason is that we excell in 
applied research and development, but 
that the Europeans are somewhat ahead 
of us in basic research 


France Uses the Free 
Piston Engine 


PARIS—Free piston engines devel- 
oped from Pescara patents are finding 
increasingly widespread employment 
in France. 

The Societe Industrielle Generale de 
Mecanique Applique, of Lyon, which 
now manufactures these engines, had 
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sold over 1,000 free piston air com 
pressors alone at the last tally. About 
650 of these were being used on public 
works projects in France and its over- 
seas territories. Another 100 or so 
were bought by the French Navy and 
the Electricite de France. The rest 
were scattered here and there in Great 
Britain, Belgium, Holland, Argentina, 
Portugal, Spain, Switzerland, and Cen 
tral Europe 

A Pescara free piston engine con- 
sists of a woanle Diesel cylinder 
within which move opposed pistons 
On either end of this cylinder are co 
axial air cylinders fitted with pistons 
which form two continuous rigid as 
semblies with the engine pistons 

A lever mechanism synchronizes 
these two piston assemblies. They are 
driven outward by the explosion of 
fuel in the engine cylinder compressing 
the air in the air cylinders which then 
returns the pistons to the firing 
position. 

Thus, piston rods, crankshaft, and 
flywheel are eliminated in the free 
piston engine, greatly increasing efh 
ciency. Both friction and total weight 
are sharply reduced. Freed of the 
weight of conventional transmission 
mechanisms, the light pistons 
very high acceleration at the moment 
of combustion. Expansion of gases, 
therefore, is very rapid; heat 
correspondingly slight. The low in 
ertia of the moving parts makes for 


losses 


quick starting in cold weather and at 
high altitudes. Since ful 


is in direct proportion tO air output, 


1 consumption 


the engines also save fuel. 

The two most important applications 
of the free piston engine to date are 
compressors and as generators 


tric power in connection with 
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AN “ARMA-MATIC” ANALOGUE COMPUTER makes this engine lathe completely 
automatic. Holes punched in the wide paper roll control specific operations on the lathe. 
There is no theoretical limit to the number of operations possible. 


A Forerunner of the Automatic Factory 


IN A RECENT DEMONSTRATION by the 
Arma Corp., of Brooklyn, N. Y., vis- 
itors saw an engine lathe completely 
controlled by an analogue computer. A 
short stepped shaft was machined to an 
accuracy of 0.0003 in. on the di- 
ameters and to within 0.0025 in. on 
longitudinal dimensions by the com- 
pletely automatic process. 

The control unit, called ‘Arma- 
Matic’’, is a cabinet-housed assembly of 
induction potentiometers, step motors, 
electrical resolvers, synchro units, and 
other electrical components arranged 
to form an electrical analogue comput- 
ing mechanisms. 

In operation, a wide paper roll is 
punched, the holes conforming to con- 
ductor positions similar to the punch- 
ing of cards on IBM machines. Thus, 
one line of holes across the paper 
roll will control a specific operation 
of the lathe. Upoa the completion of 
that operation the paper roll is auto- 
matically turned to the next roll of 
holes in much the same manner as 
spacing lines on a typewriter. The next 
operation then begins. 

There is no definite limitation on 
the number of operations that might 
be automatically controlled by the 
Arma-Matic. This control can also be 
applied to any make, size, or form of 
lathe and couid also be extended to be 
applied to single or multi-spindle auto- 
matic screw machines, the analogue 
computer replacing the conventional 
cams and mechanical stops. 
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One of the great advantages of the 
new controller is that the perforated 
roll can be made in the drawing room 
or engineering department immedi- 
ately after detailed design of the part 
has been completed. The perforated 
roll can then be filed for later use. 
When the job goes into the shop it is 
merely necessary to get the roll out 
of the file and mount it in the control 
unit of the lathe selected to do the job. 

It is significant that the same roll 
can be applied for the control of any 
lathe regardless of the pitch of the 
lead and feed screws. Thus it is not 
necessary to perforate the roll to suit 
any given machine because the roll 
could be used on the Arma-Matic con- 
trolling any lathe in the shop. 

Applications are not confined to 
lathes. Practically any machine tool in 
the shop can be —- for this type 
of automatic control. It is being ap- 
plied successfully to the cutting of 
cams on milling machines. 

Although the initial equipments are 
being applied to machine tools in the 
shops of the users it is expected that 
the Arma-Matic equipped machine 
tools will be offered as original equip- 
ment. These computer—equipped ma- 
chines will bring us still nearer to the 
concept of the completely automatic 
factory. Long considered only a dream 
of the theorist, these automatic fac- 
tories now seem more plausable as 
industry develops the necessary basic 
tools and controls. 


E / S 
Bureau of Standards 
Improves Facilities 


THE NATIONAL BUREAU OF S1 
ARDS has recently installed a ne 
high 16 x 24 in. rolling mill fo 

in a number of its research 

such as melting and casting of n 

in vacuum, investigations of ma 
sium and aluminum alloys, inclu 
use of light metals for housing 
struction, and work on properties o/ 
ferrous metals, including stainless s 

The mill takes 4-inch ingots 
plate and is equipped for both col 
and hot rolling. It has a pair of in 
ternally steam-heated rolls, permitting 
the rolling of magnesium alloys in . 
temperature range of 400 to 600 | 
The rolls can be raised or lowered 
electrically. A hydraulic system, whic! 
provides a support for the roll bear 
ings, makes a changing of the rolls 
an easy matter. 

The Bureau of Standards also re 
ports that important changes have beer 
made in its foundry which now has 
one 650 lb tilting furnace, one 30 
tilting furnace, one 200 lb lift-coil fur 
nace, and one 100 lb vacuum furnace 
In a separate fire-proof, dust-proof 
room are two sets of capacitors, and 
two new 250 kw generator units. This 
allows for simultaneous operation of 
the two furnaces independently. Plans 
are also underway ™ an overhead 
monorail system for the Bureau's mold 
ing room and other improvements 


Plastic Tower Helps 
Test Radar Antennas 


A 30-FOOT HIGH, 300-lb plastic tower 
believed to be the largest ever built, 
is being used today by Airborne In 
struments Laboratory, Mineola, N. Y., 
to test the performance of the latest- 
type, faired in (flush with aircraft 
skin) radio and radar antennas sched- 
uled for Uncle Sam’s newest, fastest 
lanes. 

Model airplanes up to 8 feet in 
wingspread and 50 pounds in weight 
are revolved in simulated flight at the 
top of the plastic tower. An ampli- 
fier, smaller than a cigaret package, in 
stalled in the model plane, transmits 
signals from the “airborne’’ antennas 
under test to recording mechan 
manned by AIL men on the gro 

Laboratory scientists had previ: 
developed a radio antenna wai 
measuring technique known as the 
system, but with the use today 
ultra-high frequencies (somet 
called short-wave bands) on mil 
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raft and commercial airliners, new 
ing equipment became necessary. 

tower was built of plastics to 
ninate confusing interference in 
io waves being transmitted by the 
del aircraft while rotating in 


ulated test flights 


Uncle Sam, 
Industrial Designer. 


INDUSTRIAL ENGINEERS who _ have 
been able to read a copy of the omni 
us small business aid bill ($3625) 
now in Congress, look upon it with 
disfavor. If it becomes law it would 
put the Federal government directly 
in competition with private industrial 
research laboratories and consultants. 

The bill was introduced by Senator 
Lucas, for himself, and for Senators 
Maybank, O'Mahoney and Sparkman 

Principal provisions of the bill call 
or federal loan insurance and other 
inancial assistance to smail business 
3ut the bill also provides for (1) a 
clearing house for technical and man- 
gerial information and (2) develop 
nental engineering and research 

The clearing house proposal would 
nerely legislate Commerce Depart 
nent’s Office of Technical Services into 
legal” existence. OTS was established 
juring the war by Presidential order 
ind continued by such an order since 
This bureau is already doing every- 
thing contemplated in the clearing 
house provision of the bill. 

It is the research section (Sec. 503) 
of the bill that engineers look upon 
with jaundiced eyes. This section 
would authorize the Secretary of Com 
merce to undertake, through the Na- 
tional Bureau of Standards, other fed 
eral laboratories, nonprofit research 
foundations and educational facilities 
engineering and technical research on 
industrial, and commercial programs. 

The Department of Commerce does 
not now have authority to carry on 
developmental work except under 
special conditions. Its chief research 
unit, the Bureau of Standards, is al- 
ways careful to point out that they can- 
not do developmental work, and are 
limited to testing and basic research. 

For a brief time (1946 and 1947) 
the Commerce Department had author- 
ity to contract for developmental re- 
search services. Its Industrial Research 
Division sponsored several hundred 
thousand dollars’ worth of “‘industry- 
wide” research in private research cen- 
ters and at universities. Congress re- 
fused to appropriate money for the 
Division's work in 1948. 
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Processing Time For 
Color Film Cut 


DAYTON—A new high speed tech- 
nique which cuts, the time required for 
processing of color film from 90 to 
20 minutes, and the printing time from 
90 to 15 minutes, will soon be making 
color pictures as readily available as 
black-and-white. The kit of chemicals 
was developed under contract with the 
United States Air Force by the Ansco 
Division of the General Analine and 
Film Corporation of Binghamton, N 
Y., to meet special USAF require 
ments. It has just been put through a 
series of rigid exhaustion and fading 
tests by the Engineering Division 
Photographic Laboratory at Air Ma- 
terial Command Headquarters, Dayton, 
Ohio, and so far the color quality re- 
sulting from the new process has 
shown itself to be equal to, or better 
than, that achieved through normal 
color photo-processing methods 
Photographic Laboratory engineers 
point out that the new process will con 
siderably reduce the delay which now 
exists between the time the pictures 
are taken by photo airplanes and the 
time they are ready for inspection by 


N : W S 


This time factor 
importance from a 


photo interpreters 
is of considerable 
military standpoint 

Basis of the a pre 
hardener which permits the processing 
to be done at 80 degrees instead of 68 


new method ts 


to 70 degrees used in ordinary color 

rhe hardener prevents the 
from becoming too soft at 
the higher temperature. All ordinary 
standard chemicals previously used in 
USAF color processing kits have been 
altered to meet new requirements. The 
new kit is the first 
which 


proc essing 
emulsion 


’ 
ever developed 
can be used for paper 
or film, and requires the addition of 


either 


only one special ingredient when used 
for film 

At present the supply of 
is limited and the complete 
the manufacturer will be 
to the Armed Services. The material 
will be available to commercial users 
as soon as military requirements have 
been met s are being made 
up only in the 3 and 4 gallon size 
Service tests will be conducted by the 
USAF at Eglin and Lowry Air Force 


Bases, and if subsequent results prove 


new 
output ot 
ai rned over 


Present kit 


satisfactory, the new met! “ 


standardized 
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No Sore 
THIS MECHANICAL BASEBALL PITCH- 
ING MACHINE can toss a ball every 
eight seconds. It works like a sling 
shot, with a gearmotor stretching a 
rubber band to furnish the power. 
Things are now coming to the point 
where the great American sports lover 
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Arm Here 


can sit in his own living room ar 
with the aid of a television set, wat 
a machine play baseball. The 

in the white suit works for a profes 
sional baseball team called the Car 
dinals—a corporation whose home of 
fice is located in St. Louis, Missouri 
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Northrop Develops 


New Metal Inspectios 
Method 


HAWTHORNE, CALII Engineer 
at the Turbodyne Corporation, a su! 
sidiary of Northrop Aircraft, In 
have developed a new metal inspectior 
process known as Dy-Chek, which 
promises great benefits to manufac- 
turers and users of high-strength, pre- 
cision-built machinery and equipment 
The process, which requires only a 
paint brush, spray booth or dip tank, 
can test any metal within 20 minutes 
sometimes faster, depending on the 
metal—for flaws. And without dis- 
assembling parts. 

Actually, it does scientifically what 
older methods for quick inspection 
tried to accomplish—such methods as 
using dirty oil on hot forgings or the 
better known kerosene-and-white in- 
spection. The need during turbine re- 
search at Northrop was for a quick, 
sure process to check for flaws while 
parts were still assembled. Even more 
important in checking high stressed 
parts, was need for an immediate fool- 
proof check as to whether a scratch on 
a piece of metal'was simply a scratch 
or a deep-rooted flaw. Before the dye 
penetrant method, suspected parts has 
to be disassembled and tested under 
any of the standard methods: X-ray, 
ultrasonic, magnetic or fluorescent 
penetration. 

The process has several distinct ad- 
vantages: It inspects and detects for 
the most microscopic, invisible surface 
cracks. It can give an_ indication 
which, after interpretation, reveals the 
extent, depth and width, and kind of 
flaw in the metal. It works on all 
metal, both non-magnetic or magnetic, 
with the possible exception of very 
porous grey iron castings. It gives no 
false indications. It requires no elec- 
tricity, no bulky equipment, and a 
complete test kit is readily portable— 
needing only three bottles of special 
testing fluids. 

The dye penetrant system employs 
three easy-to-carry chemicals; a pene- 
trant liquid of unusually high capillary 
action and correspondingly low sur- 
face tension—colored a brilliant red. 
This is a super-saturated solution, 
which means that the dye is carried 
to every crevice of the metal wherever 
the base solution penetrates. There is 
also a volatile solvent which removes 
the penetrant and cleans the metal’s 
surface; and a white developer which 
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FOUR NUMBERED CONTAINERS in the small kit shown are used in the steps to be 
followed. Jar No. 1 contains surface cleaner and dye remover. No. 2 contains the rea 
dye which gives the process its name. After the dye has been allowed to dry for a few 
minutes, it is removed through use of surface cleaner and dye remover from Jar. No. 3 
Two containers of the identical surface cleaner and film remover are provided to “sta- 
tionize” the inspection process. Jar. No. 4 contains the white developer. Once it is 
applied, scarlet lines will appear wherever cavities or cracks occur in the part 


is a multipurpose, quick-drying solu- 
tion. It provides a white background 
upon which the brilliant red flaw in- 
dicator shows up with photographic 
intensity, and at the same time draws 
out, “bleeds,” the penetrant from 
whatever flaw it has penetrated. 

The penetrant will find its way even 
into unseen, hair-thin flaws and work 
through these, from one abnormality 
to another, detecting surface flaws, 
crater cracks, lack of fusion and poros- 
ity. It inspects surfaces and sub-sur- 
face flaws so long as they have a sur- 
face manifestation, after parts have 
been welded, heat treated, ground, or 
after any machining process. It de- 
tects fatigue cracks in engines and in 
all types of machinery where preven- 
tive maintenance is necessary. 

The penetrant has advantages over 
standard inspection methods in that 
it works equally well on magnetic and 
non-magnetic metals—on steel, stain- 
less steel, nickel, nickel alloys, mag- 
nesium, titanium, copper, brass, alumi- 
num, aluminum alloys and cobalt. 

The red penetrant is applied to the 
metal surface and allowed to penetrate 
for from 5 to 15 minutes. For maxi- 
mum sensitivity to very small flaws, the 
parts should be warmed up to 100 to 
150 F. Usually, however, if the metal 
feels room temperature to the hand, 
it is warm enough for good results. 

The penetration time depends upon 


the extent 1d thinness of the 

pected flaw. « very tight flaw may re 
quire 15 minutes’ penetration time de 
pending on the metal under test. The 


HERE THE WHITE DEVELOPER has 
been applied to the crankshaft, and the 
dye penetrant has revealed a distinct fs- 
sure which could have resulted in a costly 
accident. The entire inspection operation 
took only a few minutes and was accom 
plished with a portable inspection kit 
Dy-Chek is manufactured by the Dy-Chek 
Company, a division of Northrop Aircraft, 
Inc., 1515 East Broadway, Hawth 
California. 
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olatile solvent is then used to wash 
he area completely clean of the red 

netrant. Once dry, the area is lightly 

inted—either spray, brush, or dip— 

th the white, fast-drying developer. 
As it drys white, giving a white back- 
ground, this chemical “bleeds” or 
“draws” the red penetrant out of the 
metal—out of subsurface non-conform- 
ities. The outline of the flaw begins 
to show vividly against the white de- 
veloper background almost immedi- 
ately. Through practice and use, an 
inspector can estimate the extent— 
depth and width of the flaw by the 
shape of the red path which shows up 
on the white developer 


ASME Nominates 
New President 


J. CALVIN Brown, of Los Angeles, 
Calif., owner of the firm bearing his 
name in that city, has been nominated 
as the 195i president of The American 
Society of Mechanical Engineers. Mr. 
Brown heads a slate of new ASME ofh- 
cers, including four regional vice 
presidents and two directors-at-large, 
submitted by the society’s nominating 
committee. Since only one name is pre- 
sented for each office, nomination is 
tantamount to election. 

Formal election will take place in 
the Fall by letter ballot of the mem- 
bership. The new officers are to begin 
their terms at the conclusion of the 
ASME annual meeting in New York 
next December. Mr. Brown will suc- 
ceed James D. Cunningham, president 
of Republic Flow Meters Co., of Chi- 
cago. 

A mechanical engineer and attorney 


N C A L 


at law, specializing in patent, trade- 
mark and copyright litigation before 
the United States courts, Mr. Brown 
became a member of the society in 
1928. He served as manager of the 
ASME in 1943-44, and vice president, 
1945-47 and 1947-49, and has been 
active in the affairs of the Southern 
California Section of the society. 

Regional vice presidents nominated 
are: Henry Reginald Kessler, manager, 
Republic Flow Meters Co., New York; 
Stephen Dewey Moxley, vice presi- 
dent, American Cast Iron Pipe Co., 
Birmingham, Alabama; Dr. John T. 
Rettaliata, dean of engineering, Illi- 
nois Institute of Technology, Chicago; 
Carl J. Eckhardt (renomination), pro- 
fessor of mechanical engineering and 
superintendent of utilities, University 
of Texas, Austin. 

Nominated as_ directors-at-large: 
Lionel J. Cucullu, assistant to chief 
engineer, New Orleans Public Service, 
Inc., New Orleans, La.; and Harold E. 
Martin, district manager, The Bab- 
cock & Wilcox Company, New York. 


Unification of Nut 
And Bolt Standards 
In Final Stages 


RECOMMENDATIONS FOR STANDARDI- 
ZATION of bolt and nut sizes in the 
U. S., Canada, and Great Britain will 
probably be accepted by leading so- 
cieties of each country involved. The 
standards were agreed upon by dele- 
gates several months ago. 

The recommendations, which also 
would involve some changes in United 
States practice, must be approved by 
technical associations corresponding to 
the American Standards Association, 
the American. Society of Mechanical 
Engineers and the Society of Automo- 
tive Engineers in this country, to be- 
come effective in the co-operating 
countries. In turn, the ASME and SAE 
must approve them through appro- 
priate committees and the ASA 
through its standards council. 

The proposed standards for holt and 
nut sizes that have emerged as a re- 
sult of the conference, follow the 
accord already reached in the case of 
screw-thread standards and, if adopted, 
will make screws and nuts interchange- 
able on nearly all machinery, equip- 
ment, vehicles and other mechanical 
apparatus made. in the inch-using coun- 
tries. This is held probable, since it 
has been customary for a!l members of 
the British Commonwealth to adopt 
the standards approved by the top 
British technical group. 
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A GIANT INJECTION MOLDING Ma- 
CHINE for plastic products presses out 
thermoplastic parts up to 200 ounces 
in weight. The big machine was 
made by the Watson-Stillman Co., 
Roselle, N. J 


PRESIDENT TRUMAN has named Dr 
Archie M. Palmer as chairman of the 
new Government Patents Board. Dr. 
Palmer is also Director of the Patent 
Policy Survey of the National Research 
Council and former president of the 
University of Chattanooga 


A PROGRAM FOR PLASTICS EDUCATION 
has been issued by the SPI in the 
form of a 16 page booklet. The pro- 
gram is to provide a guide to colleges 
who want to set up specialized courses 
in plastic education. Copies of the 
booklet are being mailed to al! 
nical schools 


tech 


AUTOMOBILE HORNS can be made less 
raucous and yet just as loud, accord- 
ing to an Armour Research Founda 
tion acoustics expert. His formula 
cut out some of the high notes. 


GENERAL ELECTRIC’S RESEARCH LAB 
ORATORY will soon be moving intc 
complete new quarters. The new labo. 
ratory structure, situated near Schenec- 
tady, N. Y., totals 5 buildings with a 
usable area of 185,000 sq ft. Most of 
the area will be “universal space”, 
with movable partitions that permit 
labs of any needed size 


SEVENTY-FIVE SCIENTISTS from South- 
ern Universities will spend this sum- 
mer carrying res¢arch in the 
Atomic Energy Commission labora 
tories at Oak Ridge, Tenn. For the 
most part they will be concerned with 
research om peace-time aspects of 
atomic energy 


out 


FRONT SURFACE MIRRORS are recom 
mended for precise reflection by the 
Army Engineer Research and Labora 
tories at Fort Belvoir, Va. For 75 
cents the OTS, Dept. of Commerce, 
Washington, D. ¢ will furnish a 
summary of studies on “Silicon Mon- 
oxide Front Surface Mirrors” 


A PORTABLE INSTRUMENT that 
ures the thermal conductivity of 
or dry solids within ten minutes, 
t meeting 
iskaka, Ontario 


meas 
wet 
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of the ASHVE, at M 
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mong engineering materials 


the performance of 


Dow Corning Silicones 

sounds as fabulous as the 

tall tales told of Paul Bunyan 
or Mike Fink who claimed to be 


half-man, half-alligator ... 


The tall tales of the old frontier are reflected in skyscrapers . . , 
jet planes that disappear before you hear them. . . materials that 
are half inorganic, half organic. Fact has become more fabulous 
than folk tales. Here are a few of the fabulous facts about Doy 
Corning Silicones: 


co 
> 





@ DC Silicone (Class H) Insulation has at least 10 times the life 
of the best electrical insulating materials previously avail- 
able. It also increases the power per pound ratio of electrical 
equipment by 100%. 


e ET PFOA TE! 


@ DC 44 Silicone Grease has at least 10 times the life of organic 
greases. 


small auto- 


0 oe starts 2 @ Silastic*, the Dow Corning Silicone rubber, is serviceable at 
\ 


temperatures from —100 to +500° F.—an impossible assign. 
ment for any other kind of rubber. 


oe ee 


_ 


The consumer is shopping for quality at a price. Manage- 
ment demands longer life, increased production and lower 
|; maintenance costs. 


YOU NEED DOW CORNING SILICONES 
TO MAKE THE *“*IMPOSSIBLE”’ PRACTICAL 
Write today for technical data on 


Dh DC SILICONE 
DC SILICONE : (CLASS H) 


GREASES i} | INSULATION 


Including relative Including results of 
bleed, evaporation accelerated life testing of 
and oxidation re- Silicone (Class H) and Class B 
sistance of Silicone insulated motors; service life 
NG co ro and organic greases, data on rewound equipment; 
CORN! penetrometer, solidifica- and data on performance 
MIDLAND, | tion and flash points; of equipment designed to 
performance and capitalize on exceptional heat 
application data. and moisture resistance. 


A *T. M. Reg. U.S. Pot. Of 
Rell oe ee ee ee 


DOW CORMING CORPORATION, MIDLAND, MICHIGAN 


Please send me [_] Grease data sheet No, X-18. 
(] Silicone Insulation data sheet No. X-18A. 
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DOW CORNING CORPORATION, MIDLAND, MICHIGAN 
Atlesta © ODaellas © Chicage ¢ Cleveland © tes Angeles ¢ New York 
In Canada: Fiberglas Canada Lid, Torente © in Great Britain: Albright and Wilson, Lid, London 
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REFERENCE BOOK SHEI 


Surface Finish Definitions and Standards 


Based on the Surface Finish section of the new SAE Automotive Draft- 


ing Standards, to be published by the Society of Automotive Engineers 


ON ENGINEERING DRAWINGS, the “nominal” surface is 
represented by a line if shown in profile (Fig. 1), or by 
its boundary lines or contours if shown in a plan view. 
Practical surfaces do not possess the perfect smoothness 
represented by the drawing. Actually, a surface is a three 
dimensional boundary having not only a length, breadth 
ind degree of curvature, but also height as shown in Fig. 2. 
The actual surface is composed of peaks and valleys of 
varying lengths, widths and heights with still finer peaks 
and valleys on the flanks of the major ones. Usually the 
engineer is concerned only with the major peaks and 
valleys. Following are definitions of surface finish terms. 


ProFILE. The profile is the contour of any specified sec- 
tion through a surface, as shown in Fig. 1-4 





Theoretical profiie 


T//4///////////// 
J////////// 


Fig | 








Trace of actual profile 
75 to lOO microinches height average 
peak to valley. Magnification x 2700 








Fig a 











ROUGHNESS. Roughness is the relatively finely a sur- 
face irregularities, as shown in Fig. 2. On surfaces pro- 
duced by machining and abrasive operations, the irregulari- 
ties produced by the cutting action of tool edges and abra- 


Propuct ENGINEERING — Aucust, 1950 


sive grains, and by the feed of the machine tool, are rough 

Roughness can be considered as being superposed 
on a wavy surface as shown in Fig. 4, but roughness in 
itself does not alter the surface. 


ness 
trueness” of the 


WavINEss. Waviness is the surface irregularities which are 
spaced further apart than the roughness. On machined 
surfaces, such irregularities may result from machine or 
work deflections and vibration. Irregularities of similar 
geometry may occur from warping, strains, or other causes 
(See Figs 3 and 4.) 


millionth of an inch, 
An ab 


used to 


MICROINCH. A microinch ts one 
0.000001 in. It is the unit height of roughness 
breviated form, mu in., or symbol, « in., may be 
signify microinches. 


Lay. The lay is the direction of the predominant surface 
pattern. (See Figs. 13 to 14.) 


FLaws. Flaws are irregularities which occur at one place, 
or at relatively infrequent intervals in the surface—a scratch, 
ridge, hole, peak, crack or check. 


ROUGHNESS STANDARDS. To correlate all surface finishes, 
a set of preferred standard roughness values has been 
developed. These values are based on geometric surface 
finish standard specimens having the profile shown in Fig 
5, and carefully constructed with known and constant spac- 





Profile of geometric 
surface finish spec 


men 


Fig. 5 











ing, angles, and roughness heights. These are expected to 
be adopted by the SAE as primary standards for surface 
finish control. The standard roughness height values are 
as follows: 


SAE Roughness Height Values 
13 32 80 
16 40 100 
20 50 130 
25 60 160 


Microinches 


500 
600 
800 
1000 


200 
250 
320 
400 





(continued on page 165) 
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Short section of hypothetical 
surface divided into increments 

















The units in which these values are designated are aver- 
age microinches—the arithmetical average of absolute devia- 
tion from the mean surface. Fig. 6 represents a short 
section of a random surface greatly magnified. Line X-X’ 
is the mean surface. The average value is: 


Vo 4 Yb Ye T Yd + Ye + ed Yo---- + Ya 


Hew = - 
where n is the number of increments, and the height meas- 
urements are made without regard to sign. 

For the standard specimens themselves, the average value 
1s one-fourth the height ““H” in Fig. 5. The recommended 
inspection procedure is to use a suitable stylus-type surface 
roughness measuring instrument in conjunction with the 
standard specimens and the work. The dial figures should 
not be used directly because of possible variations in cali- 
bration. All measurements should be taken across the 
direction of the lay unless otherwise specified. For rapid 
checks, a calibrated pilot sample of the work carrying the 
proper surface may be used. If the limits are not too 
exacting, manual feel and visual comparison are satisfactory. 


SURFACE FINISH SYMBOL. The approved symbol for desig- 
nating surface finish is shown in Fig. 7. The point of the 
symbol can be placed on the line representing the surface, 
on the witness line, or on a leader line pointing to the 
surface. The angle between the two legs of the symbol is 
60 deg, and the long leg is to the right and erect. The 
short leg, which may be increased in width, is approxi- 
mately 4 the length of the long leg. The top extension 








Fig.7 


WLLL 











REFERENCE BOOK SHEET 


The waviness width is not standardized but can be speci- 
fied as shown later. Allowable limits of waviness values 
become particularly important in close tolerance fits and 
in coliesder bores. For waviness greater than 0.002 in., a 
surface gage is sufficiently accurate. For finer waviness, 
bluing gages can be used; however, the measurement and 
designation will be in percent of bluing rather than in 
inches of height. The commonly designated values are 50, 
75 and 90 percent bluing. For extremely fine lapped or 
polished surtaces, optical flats can be used. The waviness 
designated for optical flats may be in inches or specified 
by a note, as shown in Fig. 8. The ordinary stylus-type 
instruments designed to measure roughness cannot be used 
to record waviness. However, instruments to measure wavi- 
ness have been developed. Waviness can be controlled by 
using accurately aligned machines and care in processing 





Scrope fo 
bluing, 


"5 percent 














Polish optically fiot, 
no flaws allowable 











DESIGNATION OF ROUGHNESS HEIGHT. The roughness 
height value is placed adjacent to and on the 
the long leg of the surface finish symbol, as shown in 
Fig. 9. When upper and lower limits are desired, the upper 
limit will be placed above the lower. If a desired rough 
ness exceeds the limit of the standardized values, 

tion average should be appended to the 


inside of 


the nota 


roughness value 


DESIGNATION OF WAVINEsS HEIGHT. The waviness height 
value is placed above the extension line (Fig. 10) 


DFSIGNATION OF ROUGHNESS AND WAVINEsS WIDTH 
The roughness width value is placed to the right of the 
lay symbol, as shown in Fig. 11. The waviness width value 
faye to the right of the waviness height value pre 


ceded by a hyphen. 





line is approximately as long as the long leg, and extends 
about 4 to the left and 4 to the right of the intersection. 
The size of the symbol should be uniform on any drawing. 


WavinEss STANDARDS. The following preferred waviness 
height values have been adopted by SAE: 
Waviness, inches 
0.00002 0.00007 0.0003 0.001 


0.00003 0.0001 0.0005 0.002 
0.00005 0.0002 0.0008 0.003 


0.005 0.015 
0.008 0.020 
0.010 0.025 
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Armco 17-4 PH Stainless Steel is used for the valve plugs of this pump- 


head installed in a chemical plant. The plugs are exposed to a solution 


of basic chromium sulfate at pressures ranging up to 7500 psi 


Heat-treat this stainless for hardness 


after finish-machining 


New Armco 17-4 PH Stainless Steel (a precipitation hardening 
grade) offers you many cost-saving advantages. One of the 
most important is the low-temperature heat treatment that 
gives your products hardnesses of Rockwell C40 to 45. Yield 
strengths range from 170,000 to 200,000 psi. 

Heat treating in the low-temperature range of 850° to 900° 
F. does the job. 

This means you can finish-machine precision parts before 
hardening. In fact, you get rid of finishing problems all along 
the line. There is no danger of cracking or distortion. No scal- 
ing either, and no stress-relief treatment is needed. Only an 
easily-removed heat tint results from the hardening operation. 


ARMCO 
STEEL 


coupon 


4320 Curtis Street, Middletown, Ohio 

Plants and Sales Offices from Coast 

to Coast * The Armco International 
Corporation, World-Wide. 


today 
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Both the machining characteristics and corrosion resistance of 
Armco 17-4 PH Stainless Steel closely approach the 18-8 grade 

Production men report excellent results with Armco 17-4 PH 
in the production of gears, cams, shears, pinions, chains, valve 
plugs, shafting, special nuts, bolts, fasteners, and precision 
instrument parts. 

lf your products need high strength and hardness, or they 
can be made more salesworthy with the good 
corrosion resistance offered by Armco 17-4 CATALOG 
PH, write for more information about this n 
newest Armco special-purpose steel. Just fill SWEET'S FILE 
in the handy coupon and drop it in the mail. (GagReismaias 


$e6\Our 


ARMCO STEEL CORPORATION 
4320 CURTIS STREET, MIDDLETOWN, OHIO 


[] Send me more information on Armco 17-4 PH 
We manufacture 

Name. . a 
Company_ 

Street Address. 


City SE 
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YESIGNATION OF Lay. Figs 12-17 are 


\ypothetical specimens, 
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plan views of line. The lay symbol is used only if considered 

the front elevation views of which to a given class of 

vould bear the illustrated standard lay symbol on the top line of the symbol and to the 1 
I | 
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essential 


work. It 


1s placed under the extension 


ight of the long leg 
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— Direction of 
tool marks 


\—Direction of 
tool marks 


er Surection “ot 
tool mork 


j 


ey X 





J 


oy 4 
_| 


J 





= = Parallel to the boundary line of the 
surface indicate by the symbol 
Exomple: Parallel shaping,end view 
Fig.l2 of turn or OD grind. 




















Multidirectional. 
Example: Lap, superfinish. 
Fig.!5 





Perpendicular to the boundary line 
of the surface indicated by the symbal. 
Exomle: End view of shaping, lon- 
gitudinal view of turn and OD grind. 





| 


Approximately circular relo- 

tive to the center of the sur 

face indicated by the sym- 
Fig.16 bol. Example: Facing.. 





Angular In both directions to the bund- 
ary line of the surface indicated by 


the symbol. Exomple: Side wheel 
grind, and traversed end mill. 








me Approximately radio! relative to the 
surface indicated by the symbol. Exam 
ple. Surface ground on a turntobie, fly 

Fig.|7 cut and indexed on a mill 
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THE Use oF NOorTEs 
symbol is used on a plated 
surface, a note should 
signify whether or not the contro 
plies to the base metal surfac 
the plating or coating 
to control all surface 
note can be used: “Su 
all machined surfaces 
ceed XXX mi 
WISE specified 
Depending on the function of a 
particular surface, minor flaws are gen 
erally permissible. When flaws are 
not allowed, a special note should be 
made, as shown in Fig. 8. In some 
applications, it is desirable to contro! 
carefully the character of a surface 
with respect to bearing area. As shown 
in Fig. 18, two surfaces with the same 
measured roughness can have entirely 
different characters. It is therefore ox 
casionally necessary to indicate the 
processing procedure by a special note 
Fig. 19 is a composite example of the 
use of surface finish designation 


roins hes 


Eprror's Notre: These Surface Finish 
Stan idards shout d also be used in con 
Surface Fin 
ish and the Deslgent " by wy Roy P. Trow 
bridge, to be pr esented in the Septem 
ber issue of Propuct ENGINEERING 
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NEW COMPONENT S-— 


DESIGN 


DATA ON 








CHATTERPROOF RELAY ASSEMBLY consists of an a-c relay 
and a saturable reactor mounted together on an insulating base 
and provided with screw terminals. 























IMPEDANCE IS MUCH GREATER in the saturable reactor than 
in the relay coil. Changes in the relay have little effect on the 


total circuit impedance and hence on circuit current. 


Voltage Change Trips Relay Without Chatter 


Relay opens when a-c voltage drops below minimum. Open and close voltages 


have small differential, giving accurate current controll. 


This relay was originally designed to protect single phase 
motors from line voltage drops and resultant current surges. 
Operation is positive, without chatter. The contacts open 
cleanly when the voltage drops below the present minimum. 

Close on-off voltage differential without chatter is dif- 
ficult with ordinary relays. The impedance of the magnet 
coil changes when the relay opens or closes. When line 
voltage drops to the kickout setting, coil current no longer 
holds the contacts closed. The relay opens, making an air 
gap in the magnetic circuit and decreasing electrical imped- 
ance. Control current increases again pulling the relay 
closed again. This is chatter. 

The new relay has a very large reactor in series with the 
relay coil. The changes in impedance caused by relay 
operation are very small compared to the impedance of the 
saturated reactor. Since control current is only minutely 
effected, chatter is eliminated. 

Under operating conditions the large reactance in series 
with the salar is saturated. Small voltage changes result in 
wide control current variations. Fine control adjustments 
are possible. Standard relays with 115 v coils open at 95 
and close at 105 v. Special 5 percent differentials are avail- 
able. Maximum voltage is 20 percent above pick-up. 


Specifications: $.P., N.O., 115, 230 and 440 v, 60 cycle. 
Contact ratings 25 amps, non inductive, 230 v. Voltage 
differential of 10 percent is standard. 


Ward Leonard Electric Co., 115 MacQuestion Pkwy. South, 
Mount Vernon, N. Y. 








Volts Resistance 





a 











Reactor Current 











SATURATION comes with increasing current through the 
reactor. In the relay operating range, a small voltage change 
gives a large control current change. 
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MATERIALS AND PARTS 


SPECIFIED BY PRODUCT ENGINEERS 











High Head Pump Has One Moving Part 


~ re oes | ; 2g RE: 
Cast iron or S By & xh 


5 Rotor 
Impeller windings 





Rotor body 
(Cadmium or 
nicke/ plated ) 





Rotor weil 


F Stator 
winding 


Stationary 
Pump body thet vA 





Assernbly nut 


at 





NO LUBRICATION is required in these centrifugal pumps ONE MOVING PART includes pump, impellor and electrical 
delivering 10 gpm, 13 ft head, at 1/6 hp. Removing the bottom _ rotor and rotates inside the stator on the stationary shaft. Stain- 
nut disassembles the 3 piece motor pump. Sizes up to 50 hp can __less steel diaphrams hermetically seal rotor and stator. Almost 
be made. Windings are airtight; motor protection is automatic. any fluid can be handled with Graphitar or bronze bearings. 


Bronze bearings are used on oil 
service in these pumps, while Graphitar Stationary shaft-mone/s 
bearings are standard for other liquids. 

The assembly weighs 30 lb a Car- 
ries a two year guarantee. Cast iron 
assembly has union fittings, but the . 
: “8 End bel/=cast « 
aluminum unit is flange connected. ~ 
Mono Products, Inc., 810 N. Hancock St., 
Philadelphia 23, Pa. 
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Cathode-Ray Indicator Graphs Electrical Impulses 


This instrument provides a convenient means for meas 
uring and continuously showing any phenomena which 
can be translated into electrical impulses. As a general 
purpose unit, it is designed to replace custom built models 
on as wide a range of applications as possible 

With different setups, the instrument becomes a pH 
meter, an electrocardiograph, a pressure indicator or a strain 
analyzer. The screen will follow any electrical impulses, 
whether static, fluctuating, or of high or low impedance. 

Results are displayed on the screen of a 5 in. cathode-ray 
tube. It allows continuous observation of non-recurrent 
phenomena at sweep speeds of 0.01 to 5 seconds. A two 
decade potentiometer, calibrated with a self-contained 
standard cell, provides direct measurements from 0.001 
to 15 pH and 0.1 millivolts to 5 vo'ts. An input attenuator 
of 1,000 megohms p.ovides ove:lapping ranges of 1 micro- 
microampere to 10 milliamperes and 1 millivolt to 100 v 
per centimeter deflection. 


i 


Inc., 585 Main St., Chatham, N. ] " 


Analytical Measurement 
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Latch Holds Relay Armature Closed Without Current 


A new mechanical latching relay utilizes midget relays 
as basic components. It is used where current is to be 
applied to the coil momentarily, the mechanical latch hold- 
ing the armature closed until the latching coil is energized. 
Upon energizing the latching coil, the mechanical latch 
is released, allowing the armature to open. Contacts are 
*; in. in diameter, rated 8 amp 115 v a-c, or 10 amp 24 \ 
d-c, non-inductive. Arrangement of contacts is double pole 
double throw. Coils are available for any voltage from 
6 to 115 v a-c, 50 to 60 cycles, and 2 to 32 v d-c. The 
relay is mounted on a bakelite base measuring 1J x 33 x 1} 
inches. 


Leach Relay Co., 5915 Avalon Blvd., Los Angeles 3, Calif. 
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Two Resins Insulate Electrical Machinery 


Two silicone resins for electrical ap- 
plications have been announced. One 
is a flexible resin of good drying speed. 
It is tough, fast-drying without a cat- 
alyst, has excellent build on glass cloth, 
and good heat life. It is intended for 
use as a coating on glass cloth and 
glass sleeving, and as a sticker for 
mica-glass tape and other flexible mica 
products. It is supplied as a 60 per- 


cent solution in toluol for application. 

The other new resin is supplied as 
a 50 percent solution in petroleum 
spirits. It was designed for bonding 
and impregnating motors, generators, 
and transformers requiring Class H 
insulation. However, it may be used 
in bonded mica, mica tape, and glass 
combinations. When extreme flex- 
ibility is not desired it can be used 
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effectively as a coating for glass clot 
and sleeving. When properly cure! 
it is a relatively hard resin but mair 
tains a high degree of flexibility. 
will through-cure readily and develo 
good bonding properties at elevate 
temperatures. It is to be used as fut 
nished ; no catalyst is necessary. 
of General Electric C 
Pittsfield, Ma 


Chemical Dept. 
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Designers’ favorite for piping specs 
.»- your CRANE Catalog 





You can’t find a more complete selection of piping mate- 
rials listed anywhere. Not only listed, but carefully 
arranged and cross-indexed to save you the bother of 
having to hunt for the items you need. Just remember, 
if it's piping, chances are it’s in the Crane Catalog... 
and easy to find. 

Other piping procedures, too, are simplified when you 
make Crane your one source of supply. In your plant, 
for example, product assembly operations go smoother. 
In the field, replacements are easier to get. 





 euhhwiblibihh wbubwb 


Most important to you, of course, is the fact that your 
product acquires added value in the eyes of your custom- 
ers. They know from experience that Crane Quality in 
piping materials has never been surpassed. 


CRANE CO., 836 S. Michigan Ave., Chicago 5, Ill. 
Branches and Wholesalers Serving All Industrial Areas 





FOR STEAM, WATER, OR OJ lines Crane 


offers a wide selection of 125-Pound lron Bod) 





Gate Valves, brass trimmed or all-iron, in 


& FOR COMPLETENESS OF SELECTION patterns jor every need. Shown here, Crane 


No. 460 with non-rising stem, screwed-in brass 

. YOU CAN’T BEAT THE CRANE LINE 2%) :e21 ines: brassdiscjaces Working Pre 
~s sures: 125 pounds steam; 200 pounds cold 
water, oil, or gas. Sizes: 2 to 8-inch. Screwed 

ends. See your No. 49 Crane Catalog, p. 77 





FLANGES 


SCREWED | 


FITTINGS i —— 





Trtiwn 
| GASKETS 


EVERYTHING FOR 
EVERY PIPING SYSTEM 


VALVES «+ FITTINGS + PIPE + PLUMBING AND HEATING 
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Fluid Coupling Gives 
Constant Linear Speed 


This coupling was developed for roll winding applica- 
tions requiring constant linear speed and tension in the 
material being wound. The hydraulic feature permits op- 
eration at stall under some conditions without damage to 
motor or coupling. 

The ring gear of the planet set, the outer member or 
housing of the coupling, and the input shaft are all fas- 
tened together to form the input member of the unit. The 
planet gears through their carrier are keyed to the runner 
member of the hydraulic coupling. The sun gear ‘is 
integral with the output shaft. 

The input speed to the coupling is held relatively con- 
stant by powering the job with a motor of about 2 to 2} 
times the required output hp. Running free, output speed 
equals input, with no torque transmitted. As torque is 
imposed, output-input speed ratio decreases. At either free 
running or complete stall the output hp is zero. Between 
these two conditions the output power increases to a maxi- 
mum and then falls. 

The balancing member is composed of the runner blades 
keyed to the planet carrier of the gear set. At no load, 
there is no relative motion between gears or between 
hydraulic runner ar.d impeller. As load is applied the sun 
gear slows up, causing the planets to rotate on their own 
axis. The coupling acts as a clutch between these two 
members with a fixed rate of maximum slip, and the drag 
of the sun gear gives increased transmitted torque with 
decreased output speed. 

The ratio of the gears limits the coupling slip to 31 
percent with the sun gear stalled. This slip control keeps 
the unit within practical heat dissipating limits. 

The couplings measure 164 in. long by 9} in. diameter. 
Two capacities are available for inputs from 500 to 
1,700 rpm. 


PLANETARY GEAR SET is combined with hydraulic coupling 
to give near-constant power output with steady input speed. A 
motor of approximately twice the required output hp is used tc 
keep input speed relatively constant. Output power rises from 
zero to a maximum and then returns to zero in a parabola-lik: 
curve as the output speed decreases. The couplings measure 
164 in. long by 9} in. diameter. Two capacities are available 
for inputs from 500 to 1,700 rpm. Original application was in 
paper and textile winding machines. 


Twin Dise Clutch Co., Racine, Wis 
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In friction materials, R/M can always fit the prod- 


uct to the need... because R/M makes ‘em all! 


When you entrust your brake and clutch problems to R/M, there’s no 
nance of getting a ‘‘misfit’’ material. R/M, the largest producer in 
his field, makes every known type of friction material . . . and is con- 
ntly developing new types for new and different applications. Thus 
mour R/M representative has no axe to grind for any one kind of 
aterial. Whatever your needs, he can recommend the right friction 
roduct . . . and he can call on the productive capacity of four great 
lants to make deliveries that suit your schedule. 


AYBESTOS-MANHATTAN, INC. 


QUIPMENT SALES DIVISION 620 Fisher Bidg., Detroit 2, Mich. 


5 Lake Shore Drive, Chicago 11, Ill. 4651 Pacific Bivd., Los Angeles 11, Calif. 
1071 Union Commerce Bidg., Cleveland 14, Ohio 
xtories: Bridgeport, Conn. Manheim, Pa. Passaic, N. J. No. Charleston, S.C. 


RAYBESTOS-MANHATTAN, INC., Manufacturers of Brake Linings « Brake Blocks + Clutch Facings 
\ Fan Belts « Radiator Hose « Mechanical Rubber Products « Rubber Covered Equipment « Packings 


Asbestos Textiles « Powdered Metal Products «+ Abrasive and Diamond Wheels «+ Bowling Bails FIRST IN FRICTION 
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HydraulicPump Mounts Four Ways 


One gallon per minute of hydraulic oil is delivered at 
1,000 psi by this compact gear pump. Less than 1 hp 
is required for operation. . 

The internal gear pump unit is replaceable in all of 
the four types offered. The flange mounted model is illus- 
trated. Also available are foot mountings, pumps com- 
bined with three-way valves, and complete control units 
with pumps, valves and reservoirs. Needle bearings are 
provided at contact points and pumps may be run at motor 
speed or through reductions. . 

Helical type alloy steel gears are the pumping mechan- 
isms. Shafting is hardened and ground. The filtering screen 
is double mesh brass and can be removed together with 
the relief valve assembly, for cleaning. 

Three way valves may be mounted directly on the pumps 
or kept separate for remote control. Valve bodies are of 
steel and l:2ndles of aluminum. 


— 


GEAR PUMP weighs 7 Ib complete and is 7 in. long. A filter 
screen and compression spring pressure relief valve are built 
into the housing. In addition to the flange mounting type, four 
other casings are available. 


Monarch Road Machinery Co., 327-29 Front St. 
Grand Rapids 4, Mich. 
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Metal Core Antenna System 
Improves Reception 


Not much larger than a lead pencil, this coil serves as 
an antenna system to improve reception and save space in 
the radio set. Signal-to-noise ratio is increased, thereby 
reducing man-made static or background noise. 

The new rod or tube antennas are produced from 0.250 
to 0.6 in. in diameter, but present facilities can turn out 
up to 14 in. diameters. Square rods and tubing, or fluted 
cross-sectional shapes for minimum winding contact can 
be furnished. The material is manufactured in various 
lengths with cores averaging 7 to 8 in. long at present. 

With a single layer winding of insulated wire, the 
assembly is used in place of the conventional outside 
antenna or the built-in loop. Signal pickup is consider- 
ibly better than that of the usual air loop, on the order 
of 2:1 at the low end of the broadcast band, and about 
equal at the high. Q’s above 200 are obtainable. 


stacey MOE acta i 


ANTENNA SYSTEM comes in compact rod or tube assemb 
replacing outside antennas and built-in loops. Static and noise 
exclusion is claimed superior with the new component. 


ae eee 


He nry L. Cr wiley & Co., Inc., 1 Central Ave 


Circle No. 8 on Reader Service Card 


West Orang 


anaes icnga 





Thread Bulge Locks Screw Against Vibration 


This screw is designed to lock in 
any position without external devices. 
Vibration has no effect; the screw is 
removable only by continuous reverse 
torque. It can be removed a number 
of times without injury to the threads. 

The principle is simple. At the 


point where the thread locking takes 
place, a portion of the screw thread 
is removed. The thread on one side 
of this space has a gently curved bulge 
which projects into this vacant area. 
Since the path through which the 
mating thread of the workpiece must 


thread re-forms 


Thredlock 
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conform 


9397 Whitai 
Gros € if ¢ 


pass is no longer straight, the n 
to 
bulge thus providing a positive lock 
action internally. This locking 
can be placed at any location spe 
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KOHLER PRECISION PARTS 


FOR 
Aircraft, Industrial, Automotive 
Applications 


The complete Kohler line includes a wide 
variety of precision valves, fittings and 
other units, manufactured to customers’ 
specifications. The plug valves illustrated 
are used for the control of oxygen, air, wa- 
ter, alcohol, oil, gasoline and other fluids. 
Kohler plug valves have forged aluminum 
bodies with precisely-lapped steel plugs. 
Connections that best suit your installa- 
tion can be provided. Leakage is prevented 
at three vital points: handle, bottom cap 
and around the plug. 


With an organization thoroughly experi- 
enced and skilled in precision workman- 
ship, Kohler maintains full facilities for 
forging, tooling, machining, finishing, 
assembling, testing and inspecting. Prompt, 
accurate deliveries can be made. 

Kohler engineers will develop valves or 
fittings for volume production to meet 
special requirements. Write for a complete 
catalog and send your specifications or 
requirements to Kohler Co., Dept. 3-V, 
Kohler, Wisconsin. Established 1873. 




















KOHLER or KOHLER 


BLUMBING FIXTURES + HEATING EQUIPMENT + ELECTRIC PLANTS + AIR-COOLED ENGINES 
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Electric Switch Clocks Improve Design Appearance 


A new line of switch clocks is offered to provide design- 
ers with a combination built-in clock and period sequence 
timer. Approved by the Underwriters, all of the new 
mechanisms are fused for 15 amps at 125 volts. Control 
knobs may be furnished in front or back and a variety of 
clock foe A are available. Dials can be styled to specification. 

An “on-off” automatic switch is used to open or close 
the circuit manually or to throw operation over to the 
electric brain of the clock. No other cutout switch is re- 
= With other adjusting buttons the on and off timer 
or the switch can be set. The clock runs continually. 

The unit may be flange mounted in a counterbored hole 
or may be held in a straight hole with special mounting 
rings. A number of models are available. Adjustment of 
the hands can be done by a knob located on the front or 
back. Extended back hand adjustment knob is shown at 
bottom right in illustration. A knob setting switch-on opera- 
tion for some future time is optional, as shown in the other 
two models illustrated. 


The Sessions Clock Co., Forestville, Conn. 
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Mass Production Electric Timer Gives Audible Signal 


A low-cost timing device has been offered with an audible 
signal for large volume applications. A range of timing 
intervals is available. At the end of the preset interval the 
signal, a buzzer, sounds continuously mod manually turned 
off, demanding whatever action is required. 

The unit, measures 4,'; by 244 by 12§ in. It can be 
mounted and operated in any position; rotates clockwise 
or counter-clockwise and is adjusted in either direction, to 
start or when in operation. With a snap action break, the 
unit is rated for 16 amps 250 v. 4 hp 250 v a-c. The basic 
motor operating the device features a 450 rpm rotor speed. 
The motor is totally enclosed, with a dual system of con- 
trolled lubrication. According to the manufacturer, the 
timer lends itself to economical volume production and is 
no: available in small quantities. 


Haydon Manufacturing Co., Inc., Torrington, Conn. 
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Packing Rings Withstand Chemicals At High Temperatures 


flattening action to cause the seal 


Where applications demand resist- 
ance to chemical attack and free spindle 
operation, a new cone type packing 
can be used in stuffing boxes. The 
seals are made of Teflon, the new 
DuPont material, and are claimed to 
be inert to all chemical action. Work- 
ing temperatures from —150 to 550 
F are permissable. Valve “freezing” 


is prevented by the natural slipperiness 
of the packing material. 

Cone-shaped ring packings are sup- 
plied. Sealing action is derived partly 
from the flexing of these cones and 
does not depend entirely on deforma- 
tion. Less pressure is required for 
flexing than for deformation, and low 
gland pressures exert enough of a 
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bear on the stuffing box and 
spindle and form an effective seal. 

Packing is available with adapters 
for square- or chamfered-end box:s 
The rings may also be split for 
stallation. 


U. S. Gasket Co., P. O. Box 
Camden, N 


GR 
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SEVEN STRONG 
REASONS explain the 
trend to N-A-X HIGH- 
TENSILE steel in the 
manufacture of commer: 








cial vehicles. 























GREAT LAKES STEEL CORPORATION ics ‘unis oF warionac srex conporanion 
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Graphic Recorder Saves Panel Room 


This miniature recording-receiving instrument is designed 
for pneumatic transmission of flow, liquid level, pressure 
ind temperature data. It fits into a panel opening of 52 x 
i} in. with a flange measurement of 43 x 5 in 

Ihe door of the recorder is made of clear plastic to give 
full view of the chart, scale and principal instrument set- 
tings. When the door is opened, adjustments can be made 
tor checking of the valve position and for automatic-manual 
ervice. Set-point adjustment is made by turning the knurled 
knob at the bottom of the case. Two micrometer screws 
ibove the automatic-manual lever provide a convenient 
means for making zero adjustments for pen and set-pointer. 

The transmitter output is recorded in terms of the process 
variable measured. The 3 in. wide chart travels from right 
to left at 1 in. per hour. Charts may be torn off from left 
side as needed. Electrically driven chart mechanism is de 
signed to pull out like a camera. The scale at the right 
shows actual process range of the transmitter and is grad- 
uated 3 to 15 psi for noting valve position and checking 
calibration. 

Four forms (all receivers 3 to 15 psi) are available: (1) 
one process record, set-point indication, set-point adjust- 
ment, valve position indication and automatic-manual unit 
for use with controllers located in the control house; (2) 
one process record, set-point indication, set-point adjust- 
ment, valve position indication and automatic-manual unit 
for use with field mounted controllers; (3) one process 
record, valve position indication and remote manual valve 
loading; (4) one process record only. 








GRAPHIC PANELS can be made more compact by using this 
pneumatic receiver-recorder to give record of processing data 
right at the point in the panel at which it is required. Fiange 
measures 4} by 5 in. 

Taylor In Rochester 1 


irument Co. 
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Permanent Magnets 


Blow Out Relay Arcs 


By the incorporation of two permanent magnets to blow 
out the arc, the carrying capacity of this d-c relay has been 
significantly increased. The arc is sucked away from the 
current carrying elements and contact burning is reduced. 

Contact load in excess of 5,000 w or 20 amp at 230 v 
d-c is claimed to be possible without damage to contacts. 
Coils are available for any a-c or d-c voltage up to 230 
volts. Contact arrangement of SPST/NO-DB (1 form X) 
and DPST/NO (2 form A) are available with the blow- 
out magnets. However, lower capacity auxiliary contacts 
in forms, A, B or C can be provided. Contact carrier is 
full floating, with a clean wiping contact motion, giving 
heavy contact pressure without chatter. Coils are designed 
for continuous operation. The return spring has been 
liberally designed for quick armature movement and long 
spring life. The operating coil carries triple enamel coated 
copper magnet wire, random wound, and is protected by 
thoroughly impregnated baked varnish. 


THE FULL-FLOATING CONTACT arm carries 5/16 in. diam 
eter silver contacts. Metal parts are plated for corrosion res's 
ance, and the bobbin and terminal board are molded bake 
Multi-strand copper pigtails carry current across the hi 
Two alnico permanent magnets blow out the arc. 


Potter & Brumfield, Princet 
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ptssembly Costs “ake a“/umble 
with Change-over te CLUTCH HEADS 


Users Certify 15% to 50% Production Increases for Lower Final Costs 


In view of this testimony you may confidently expect these exclusive time and cost- 
saving CLUTCH HEAD features to deliver a similar ratio of production increases on 


your assembly line. . 


Higher Visibility of the clutch recess eliminates operator 
hesitation. Even “green” help drives with speed and 
confidence. No “‘break-in”’ needed. 


No Damaged Heads... Dead-center entry with the Center 
Pivot Column prevents driver canting, makes straight 
driving automatic, and checks out delay and expense 
fixing burred or chewed-up heads. 


Now, Non-Tapered Driving that sends skid damage to zero; 
safeguarding manpower and material. With CLUTCH 
HEAD’S all-square driving engagement there is no need for 
end pressure to combat “‘ride-out”’ (as set up by tapered 
driving) and the drive home is effortless 
This safety factor and elimination of 
fatigue steps up production. 

One-Handed Reaching at “‘Bottlenecks.’’ Only 
CLUTCH HEAD provides a frictional Lock-On 
that joins screw and bit as a unit to permit 
one-handed reaching into inner spots and 
driving from any angle. 


UNITED 


CLEVELAND 2 
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. to lower your final costs by producing more for less. 


214,000 Screws Driven Non-Stop. This is the record estab- 
lished by the rugged Type “‘A’’ Assembly Bit con- 
tinuous high torque driving on a main mbly line of 
one of America’s largest automotive plants 

New Bit Life in 60 Seconds. Consider the tool econ 
omy of simplified reconditioning this it REP E ATE DL Y 

by a 60-second application of the end surface 
grinding wheel. 

Curing Field Service “Headaches. *? For si 
ice, CLUTCH HEAD 
designed for operation with a comn 
with any flat blade which need 
accurate in width. 


alone has a recess tha 


These advantages are fully detail 

HEAD Brochure... along with technic: 

engineers and plant executives will | 

Start your investigation of CLUTCH HE AD'S potential 
ings for your assembly by sending for a copy 
indicate sizes and types of screws which interest you 


SCREW AND BOLT CORPORATION 
CHICAGO 8 


NEW YORK 7 
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Compact Casting Houses 


Air Regulator Unit 


Connected in the air intake line, this air regulator-filter- 
lubricator has no projecting parts and can be mounted on 
a central control panel. It incorporates a piston-type reduc- 
ing valve, a pressure gage, a lubricator and a synthetic-type 
air filter. Incoming air is pressure regulated, filtered and 
provided with lubricating oil for the protection of working 
parts in the system. 

The filter cover and regulating valve screw directly into 
a 6 x 4} in. body casting. Two front panel knobs regulate 
air pressure and the amount of oil that is injected. A third 
wd control drains the water trap. An air pressure gage 
and an oil level indicator are also provided. All operating 
units are enclosed in the cast body and no glass parts or 
fragil mechanisms are exposed to breakage. Filter is re- 
placeable from the front of the unit through the removable 
cover. 


Logansport Machine Co., Logansport, Ind. 
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Mass Production Pump Has 
Three Working Parts 


A pulsation-free, high speed pump feeds petroleum 
products and other light or viscous fluids in volumes up 
to 85 gpm against pressures up to 150 psi for oil burners, 
oil transfer, lubrication or hydraulic systems. The new 
pump is a standard, mass-production unit. 

There are three working parts. A power rotor meshes 
with two sealing or idler rotors in such a manner that the 
liquid is conveyed continuously from inlet to outlet. Direct- 
connected electric motors or turbines, without reduction 
gears, belts or chains furnish the drive. 

All parts are interchangeable. The mechanical seals 
require no attention. Suction can be located at top, bottom, 
horizontal left or horizontal right, and the pump can be 


mounted in any position. 
DeLavel Steam Turbine Co., Trenton 2, N. J. 
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Combination Timing Switch Covers Wide Range 


This switch is an automatic timer, 
recording intervals from %» sec to 
4 min, with an accuracy within 2 per- 
cent. Combined in it are four basic 
types of timing: interval, delayed 
action, automatic repeat and program- 
ming. The type of operation is deter- 
mined by external connections to the 
terminal board. A number of timers 


can be connected together for more 
— programming. 

e switch employs only one tube 
and operates from the discharge of a 
timing capacitor in the grid circuit. 
Period control is accomplished by a 
selector switch with ranges of 1 sec, 
10 sec, 1 min and 4 min. A variable 
resistor provides for intermediate time 
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intervals between fixed selector settings 

Standard units are supplied for op- 

eration on either 115 v or 230 v, 50-60 

cycles. All relay contacts are rated at 

10 amp to 115 v, a-c, 5 amp to 230 Vv 

a-c, non-inductive load. 

Coral Designs D 

Henry G. Dietz Co., Box 245 

Forest Hills, N. Y. 
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For the Most in Sales 
Appeal. . Begin with Sharon 


Stainless Steel. 


Products Made of Stainless Steel just naturally 
have better acceptance than products made of 
other materials. The clean, sanitary appearance 
—the rust and corrosion resistant qualities — the 

lifetime finish that never loses its brightness — the 
easy-to-care-for characteristics of products Made of 
Stainless Steel makes them better products — better 
selling products. 








Fabricators: Stainless steel is stronger—can be 
used in lighter gauges without sacrificing strength. 
It is easy to work — existing machines are usually 
satisfactory. Plating and other operations elimi- 
nated — Stainless frequently costs less to use. 








r 
A 


For product information and fabrication data check with 
Sharon — Pioneer and prime producers of Stainless 
Steels. Offices listed below 
and in yellow pages of phone 
directories. 


ay 
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Reducer Steps Down Tube Size with Standard Fittings 


A new tube end reducer for use 
with the manufacturer's standard fit- 
tings connects different size tubings. 
Any standard fitting can be converted 
to a reducing type. Attached with a 
standard nut to the fitting tube end, 
the reducer provides a flared nose for 
the smaller tube size and threads for 
the smaller nut. 

In steel or brass, the new fittings are 
available in 8 sizes: 3, 4 and 3? to } 
or § in., 3 to 4 in. and 1 to # in. tubx 



































Parker 
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Snap Switch Handles High Inductive Load Currents 


A snap-action switch for use with 
relays, limit switches and other appli- 
cations is now being manufactured. 
Ampere rating is high and the switch 
is designed to take high inductive loads 
with a minimum of arcing. For certain 
applications, the switch is adjustable 
to operating movement and over-travel. 

The main operating blade is made 
of tempered spring steel and can be 
furnished to operate at various pres- 
sures. Conventional switch can be used 
for singel pole, single throw, or single 
pole, double throw requirements. Spe- 
cial types available on specification. 
Unit is compact in size and weighs 
about one ounce. 


Comar Electric Co., 
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Pressure Indicator Takes Vibrations and Heat 


These three new pressure indicators 
are used in applications where high 
frequency vibration or heat would 
cause inaccuracies if other measuring 
devices were used. Maximum dynamic 
pressures are 500, 1,000, 2,000 and 
3000 psi for the indicators now offered. 
Static pressures are 50 percent higher 
in each case. 

These indicators are capable of re- 
producing pressure fluctuations in an 
engine cylinder with an accuracy of 
1 percent over the entire range of the 
pick-up, thus making it possible to 
investigate ignition phenomena, pres- 
sure-power functions and to accumu- 
late other data hitherto impossible to 


measure accurately. The high natural 
frequency of the pick-up (approxi- 
mately 45,000 cps) gives it wide fre- 
quency response range, which extends 
from static pressures to frequencies 
over 20,000 cps. 

For engine analysis, the pressure 
pick-up units are normally used with 
an amplifier power supply unit, which 
receives the output signal from the 
pickup, amplifies and supplies a signal 
suitable for feeding a standard oscilli- 
scope for graphical presentation of the 
pressure-time curve. Calibration of the 
scope trace is obtained by actuating a 
panel switch on the amplifier, which 
provides standard reference voltages 
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corresponding to known values of p: 
sure as read on a calibrated dial. 1! 
amplifier is battery-operated ani 
tirely self-contained, including spa 
for the pick-up and the cable w! 
not im use. 

All of the pressure pick-ups 
above utilize a catenary diaphragn 
negligible inertia actuating a tudul 
strain generaung tube on which 
gage wires for force measuremen 
wound in such a way as to min 
inductance and make the units 
perature compensated. High freq. 
vibrations are taken without dam 


Control Engineering Corp., Canton. \ 
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Commercial” Ball-Bearing Data...#9 of a Series ) 


WE WILL BE GLAD TO SEND YOU COPIES OF THE PREVIOUS ADVERTISEMENTS IN THIS SERIES 





O 





How Schatz “Commercial” 
Ball Bearings can cut 
Anti-Friction Costs 

35 to 85% 


These tables show how Schatz “Commercial” Ball Bear- 
ings can deliver required anti-friction performance at 


23 to! 


6 the cost of expensive precision bearings. 
Take, for example, an application in which the 
radial load is 290 lb., the thrust load is 40 lb., and 
shaft speed is 150 rpm 
Equivalent radial load is 330 Ib. (290+40). 
From the speed-load curve in Fig. 1, the correc- 
tion factor at 150 rpm is 1.65. Dividing 330 lb 
by 1.65 gives 200 lb.—the loading at 600 rpm 


Fig. 2 shows two bearings which will support 


this load. One has 13 balls, 
the other has 20 balls of !4° 


bore 


Fig. 3 gives minimum O.D. and maximum 
for these two bearings. For that of thirteen 


balls, O.D. is 2”, bore is ' 
14” balls, O.D. is 214”, bore is 1! 


For that of twenty 
If Ground “Commercials” are 

carrying capacity is increased 

the tables, it is necessary only to divide the com 


,17 


puted equivalent radial load by 


If thrust load is greater than radial load,a radi 
thrust or straight thrust bearing should | 
It will pay you to investigate the sav 
with “Commercials” where operating cond 
within the load and speed limits of these 
low-cost ball bearings. Or if your applicat 
it, Our engineers can adapt or design ¢ 


Ball Bearing to fit your specific job 


often at less cost than a standard prec 
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. 
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Besic Radia! Load Rateg Lb af 000 Rpm 








Fig. 1. Speed-load correcti 
Commercials T his iS mecessary since 


aring ife is rated at © )/ rpm Ommerciais 
be lif j 601 C ercial 


THESE AND OTHER TABLES 
showing correct size and type 
“Commercial” Ball Bearings for 
various speed and loading con- 
ditions, and graphs for estimat- 
ing bearing life, are included in 
“Construction and Characteris- 
tics of Low-Cost Ball Bearings” 
This technical booklet also dis- 
cusses modifications that can be 
made for special design, assem- 
bly and operating conditions 
Catalog No. 11 gives data on 
the complete Schatz ‘““Commer- 
cial” line. Write for your copies 
today. 


mn factors for Fig. 2. Load rating at 600 rpm « 
ball complements used 


n Unground 


SCHATZ 


(Srtitausele 
BALL BEARINGS 


The Schatz Manufacturing Company 
6758 FAIRVIEW AVENUE, POUGHKEEPSICT, N.Y 
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Four Strain Functions Recorded Simultaneously 


A new strain analyzer makes possible the simultaneous 
observation and recording of electronic traces of four strain 
functions in correct time relationship without the necessity 
of optical alignment. It can be used in studies of strain, 
impact, vibration and torque. 

The instrument is designed for d-c bridge excitation from 
self-contained batteries and has high-gain amplifiers, balance 
controls, and voltage and calibration controls for each 
strain gage bridge channel. It can be used with strain 
gages of from 60 to 500 ohms resistance. There are four 
units; the indicator, the indicator power supply; the camera 
and the camera speed control. The indicator is housed in 
a steel cabinet 30 x 24 x 23 in. and is shock mounted to 
protect it from vibration and impact. The cathode ray tube 
is a special four-gun type. In designing the indicator cabinet 
and in placing the tube, provision has been made for instal- 
lation and removal of a recording camera. 

The strain gage bridge control panel is a removable 
plug-in unit. The bridge excitation batteries are contained m = : a 
within the indicator proper and may be replaced by external ' that’s 
heavy duty batteries for long-term tests. Connection to ae 
the strain gages is made by means of four binding post ae = es O 
terminals provided for each bridge, making all four arms = ' help a 
available. 

The calibration is in terms of one “‘active’” and one and d 
“compensating” strain gage. When used in this manner, idea i 
dummy resistors are connected across the other two arms. THE INDICATOR UNIT weighs 100 Ib and stands 30 in. hig! rove 
Correction may be made to permit the use of two or four Auxiliary equipment includes a camera, electronic control, P 
active strain gages. periscope and mount assembly, and a power supply taking 300 » Geuds 

When using a single active gage with a gage factor of * rte 30-60 cycle. Special cathode ray — _— used re : 
2.0, the equivalent strain is 2,000 micro-inches per in. ——- + agymeatione. Four strain gage ecg eseag om te equip 

. é , p observed and recorded simultaneously in correct time relatior- 
Multi-turn balance controls are provided for adequate ship, items 
balance range. A bridge voltage control is provided to 
allow for various strain gage resistances and to vary the hfe Becumatinn Weed 


sensitivity of each channel. Testing Equipment Dept., Philadelphia 42, P enam« 
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New Phenolic Plastics Have High Impact Strength it pro 


overa 


> 
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Three phenolic molding compounds _ plunger molded. It possesses a balance Molded parts are capable of standing Wa. 
have been placed on the market. All of regular mechanical properties and repeated abuse without failure. The 
three fall into the impact type classifi- good electrical properties for this type material can be plunger or compressi I's ill 
cation and provide new properties or material. The second fabric filled com- molded and has good surface appea’- 
production performance. Two are pound is similar but has almost double ance. All three phenolics are cha’ 
high-impact, fabric-filled materials, the impact strength (2.2 ft-lb per in.). acterized by high impact resistan: quseeen 
while the third is a nitrile rubber- Molding properties are not appreciably The fabric filled compounds have i: facilitie 
bearing, wood-flour-filled material. affected. sroved production properties and can Book f 
The two new fabric-filled materials The third new material has the > molded easily. Impact strength re»- longs i 
utilize two-step resins, and have im- moldability of general-purpose mate- resents the only difference between the for you 
proved flow properties and finish and rials, but because of its nitrile rubber two. The nitrile rubber-bearing pla SKILL I 
are less critical when electronically content, it possesses improved impact tic, also impact resistant, is important 
preheated. One has an impact strength strength and shock resistance. Its low for durability and ease of producti: 
of 1.4 ft-lb per in. on the Izod scale. modulus of elasticity (0.6 x 10° lb per 
Its unusually good flow properties sq in. in tension) allows it to be used _— 


clear p 
produc 


col —_— r 
5 G&G Chemicais, Ir 


allow it to be either compression or in thin sections around metal insets. No. Tonawanda, N 


Circle No. 22 on Reader Service Card i 


CONTINUED ON PAGE | 





Propuct ENcINEERING — Aucust, 19 Propu 

















@ Have you a metal-fabricating problem 
that’s outside your field or beyond the facili- 
ties of your plant? Would you like the 
help of expert, experienced engineering 
and designing skill to develop your 
idea into a finished product, or im- 
prove an old product? 


Geuder, Paeschke & Frey Co. is 


equipped to develop and produce 
items in sheet steel or aluminum, | 
| a. 2 








ranging from fruit juicers to 
enameled washing machine tubs 

and automobile parts... doing all 

or part of the work from drafting 
board to fabrication and finishing. 
Manufacturers, large and small, find 

it profitable to take advantage of our 
overall service and extensive facilities. 





Way we send you this Grochure 7 


«2 
a 
et” Tee 
os " 


It's illustrated with big, 
clear pictures of dozens of . 
production jobs for G.P.&F. | We have modern equipment and 


customers—also data on our 4 OF, the know-how for: 
, *ge_¢ . : 7 
facilities at your service. ; 


Book fits your files—and be- + a " DESIGNING * THEMING 
longs in them. Write today — ENGINEERING * GALVANIZING 
for your copy of “SCIENCE and ah hi } STAMPING * LEAD COATING 
SKILL IN SHEET METALS.” Sect gtr. SRAWINS * WELDS 
3 ‘get FORMING * SPRAY FINISHING 
) ; | VITREOUS ENAMELING 
( f | te machine shop and tool and die department. 


se 











Propuct ENGINEERING — Aucust, 1950 








a 


e tTrOTOA TOES 


oe een ee 


NE W COMPONENTS MATERIALS 


AND PARTS 


conti 





H vdraulic Pump Fits 
Close Quarters 


Ihree models of this reservoir-pump have been designed 
with the same outside dimensions. Maximum pressures 
obtained are 6,000, 5,000 and 2,500 psi. The complete unit 
weighs 15 lb with handle. The housing itself measures 
7% x 34 x 43 in. high. 

All three models are siinilar. Pumps are single acting; 
needle cone release valves are used. Reservoir capacity can 
be increased from the 45 cu in. standard to 65 cu in. by the 
addition of a breather. Any mounting, vertical or horizontal 
is permissable, and the handle may be bent for operating 
convenience. 

Standard design gives easier maintenance. At the outlet 
end of the housing a single plug gives access to all the ball 
check valves in the unit. The release valve handle adjusts 
to meet space or convenience requirements. Held to the 
pump by a positive lock, the handle can not slip out in 
operation. Handle is 173 in. long and has 45 deg of travel, 
from the horizontal upward. This assumes a straight han- 
dle and horizontal mounting. In an emergency, 10W oil 
can be substituted for the manufacturer's specified hydraulic 
fluid. The release handle can be adjusted to fit space 
requirements. The three new models represent an extension 
of the manufacturers standard line of larger capacity units. 
Maximum pressure is unchanged, but overall size has 
decreased. 


Blackhawk Mfg. Co., Milwaukee 1, Wis. 


Maximum Operating Pressure (psi) | 6000 
Diaghncement Per Seroke 

Dilemeser of Pane ay in. nr | 7/16 
Handle Effort at Maximum Pressure 57 


Tb. 
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Electrical Connections Rotate Freely on Swivel 


Electrical connections can rotate freely in either direction 
without interruption of current or mechanical binding in 
this new unit. A screw housing encloses circular electrical 
contacts. Made with 2, 3 and 4 wire contacts, the joint is 
approved by the Underwriters Laboratory. 

The 2 wire unit is 14% in. OD by 1} in. long. The 4 
wire contact measures 2 in. OD by 2 in. long. Mounting 
holes carry § to 4 in. pipe or machine threads. Electrical 
rating is 660 w, 250 v. Bodies are made of brass, steel, 
aluminum, stainless steel, or any specified material. 


Robboy Electric Mfg. Co., 2062 E. 70th St., Cleveland, Ohio 
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NECN PILOT LIGHT mounts 
through 4 in. diameter hole and ex- 
tends 14 in. behind panel. Lamp is 
guaranteed for 10,000 hours at 75-150 
v ac or dc. Nylon housing is special. 
Industrial Devices, Edgewater, N. J. 
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CARBON BEARINGS are self-lubri- 
cating yp to 800 F at relatively high 


speed. The material is also applicable 
to rings, seals and slides. Morganic 
Inc., 3304 48th Ave., Long Island 
City 1, N. Y. 
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SPLASH-PROOF MOTORS are built 
with single or double reduction gears, 
with speeds from 20 to 780 rpm, in 


_ yf to 15 hp ratings for horizontal floor 


mounting. Sterling Electric Mavors Lead 


Inc., Los Angeles 22, Calif. 


Circle No. 27 on Reader Service 


LOCK NUT holds hexagon insert 
top of 1 piece cold forged body » 
six folded side projection petals. | 
nished for No. 4 to in. sce 
Townsend Co., New Brighton, P. 

Circle No. 28 on Reader Service € 
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Neoprene Seals Splash-Proof Precision Snap Switch 


For protection against moisture, dust, and splashing oil 

ind water, a neoprene “boot’’ and neoprene side gaskets 
fectively seal the metal case of the snap-acting precision 
witch. The “boot’’ is sealed to the actuating plunger and 
e entire assembly is integral with the metal case. The 
eoprene seal assembly is integral with the metal case. 
rhe seal retains its flexibility at temperatures from —65F 

L160F. 

The basic switch slips onto two positioning studs at- 
idhed to one of the removable side plates. Three mounts 
re available: one with two side mounting studs; a second 
with two tapped bottom bosses for base mounting; a third 
yt from-the-top base mounting, upright or inverted. Ele 
ical ratings for the standard switch are 15 amps, 125 \ 
- 5 amps 250 v a-c, non inductive. Another model is 
lesigned for 15 amps 250 v a-c, 20 amps 125 v a-c, or 3 hp 
25, 250, 460 v a-c. 


Unimax Switch Div... WL Maxson Corp. 
461 W’. 34th St.. New York 1, N. Y 
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Nylon Plug Body Glows When Juice Is On 


A neon glow lamp built into the body of the plug-in 
eceptacle produces a light to facilitate connection and also 
erves as a pilot light to indicate the presence of power. The 
ew unit is designed primarily for industrial testing appli- 
tions where constant use causes wear and breakage. The 
ilot light immediately indicates power failure or a faulty 
olug. 

The plug body is made of nylon and is designed for 
rough usage. Life of the neon lamp is estimated at 25,000 
ours. Power consumption is Jess than 44, watt. 

la testing equipment through this plug, the operator can 
mmediately distinguish between a faulty piece of equip- 
nent and a line power failure or a faulty plug. With the 
amp on, any faults must be with the equipment under test. 


Industrial Devices, Inc., Edgewater, N.*J 


Circle No. 30 on Reader Service Card 





TEST JACK gives front panel test provided. Lear Inc., Electro-Mechan absorbent qualities 

point for any internal voltage. Meas- ical Div., Grand Rapids 2, Mich tour and special rubber | 

res § in. diameter by 1 in. long and Circle No. 32 on Reader Service Card used. ! lonarch Ruder Co., 

passes fungus and salt spray tests. 1 Ow.TENSION: CABLE withstands C% 52%; Plartville, Olio 

lead wire connects to solder tab. Circle No. 34 on Reader Service Card 
Alden Products Co., Brockton 64, 
Mass. 

Circle No. 31 on Reader Service Card 


high heat, is claimed inert to all known 

lvents, and has greater fungus and ; ee 

y Mixon rr ete PRIMARY BATTERY, non-renew 

abrasion resistance than braided cot- Ly Bee ibet ype F 
. as. oe : able, air-depolarized, add 

ton. Supplied in No. 8 to 20 gage i. Cee ih 
. Ss ONeTea If 

sizes. Packard Electric Div., GMC, ; 

~ measuring 

- ~ Warren, Ohio. nial” coil 

up to 2 hp are designed for aircraft Cietle Me. 43 a ae road switc 

applications. High efficiencies and ae months. Thomas . n, Inc., 

power are featured, with high power INDUSTRIAL TIRES have been de- mary Battery Div., Bloomfield, N 

‘0 weight ratios. Integral a-c brakes veloped with improved wear and Circle No. 35 on Reader Service Card 


00 CYCLE MOTORS with ratings 


CONTINUED ON PAGE 188 





Prooucr ENGINEERING — Aucusr, 1950 187 



































c 
> 


e troero a trot 


ee eee ee ee 


_ 





N E W cCcOn PONE NHN TS TERIALS AN D PARTS , , on! inued 





Light Cowl Latch 
Take Heavy Loads 


A smooth exterior on flat or curved surfaces is provided 
by this cowling latch. The device has been in service abroad 
for a number of years. The latch weighs from 6 to 8 oz 
and is designed to carry an ultimate load of approximately 
7,000 Ib in tension and 9,000 lb in shear. Four sizes ac- 
commodate all cowling curvatures from 23 in. radius to 
flat, and are suitable for either hinged or detachable panels. 
Meximum fitting error throughout this curvature range 1s 
held within 0.017 in. Total tension adjustment is 3 in 
and cowling pull-up is ? inches 

Latches are comprised of two units, a latch housing and 
a toggle assembly, and only four bolts are required for 
installation. There are no loose parts. When under load, 
the latch is self-closing over dead center. The cowling 
must be securely fastened before the toggle lever will as- 
sume its flush position, thus giving a check on latches. 

Simmonds Aerocessories, Inc., Tarrytown, N. Y. 
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Gear Pump Impellers 
Carry No Thrust Loads 


A hydraulic pump line has been designed for 1,000 psi, 
with capacities of 1.5 to 46.8 gpm at 1,800 rpm. A special 
keying arrangement transfers torque without thrust loads 
from the drive shaft to gear impellezs. Keys consist of 
balls placed in three axial grooves around the periphery 
of the shaft and the inside bore of the impellers. The 
gears float in the pump cavity regardless of lateral move- 
ments of the shaft. 

Trapped fluid is utilized to pressure-lubricate shafts, 
bushings and bearings. This permits use of journal bear- 
ings. Special alloy bronze bushings capable of withstand- 
ing heavy loads at high temperatures, alloy iron housings 
and hardened steel gears and shafts are used. The shaft 
seal is designed for sealing with minimum horsepower loss. 
A ball bearing absorbs thrust and radial loads imposed by 
drive. Pumps are internally drained. 





Adel Precision Products Corp., 
10855 Van Owen St., Burbank, Calif. 


Circle No. 37 on Reader Service Card 





Electro-Magnet Engages Low Power Clutch 





Designed for servos and other de- faced driven disk is clamped between mounting eliminates slip rings and 
vices where rapid engagement and re- two driving members. For high torque auxiliary bearings. Driving plates are 
lease is required, this compact mag- transmission, the driven disk is faced ventilated. Maximum torque 1s 4 lb 
netic clutch has a capacity of 0.20 hp on both sides. Splined bore in driven Maximum speed is 3,60€ rpm. Inpu' 
with an input of 3 watts. When the disk permits coupling to the load. is 3 w d-c or rectified a-c 
electromagnet is energized, the cork Non-rotating electromagnet with flange Barber-Colman Co. Rockford. lll 


Circle No. 38 on Reader Service Card 
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* 20 years of production experience. 
* New plant and equipment. 
OlL-CUSHIONED * Virgin materials of highest purity. 
BEARINGS es’ *® Recognized management and tech- 
: nical personnel. 
* Electronic inspection devices and 
quality control. 








AMPLEX MANUFACTURING CO. 


ER AE BER, Ben Oe ees eel S eel @ Bakes. | 
6501 HARPER, DETROIT 31, MICHIGAN 
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CONMinved 


Flow Valve Adjusts Cylinder Speed on Power Stroke 








Contro//ed 


Tlow fo 














A stainless steel ball check allows free flow of air or 
hydraulic fiuid out of an actuating cylinder, while a vari- 
able needle orifice is built into the same control valve to 
adjust actuating speed by metering the input of fluid. 

Plain check valves or fixed orifice control valves are also 


offered. Up to 1,000 psi, bodies are machined from | 
bar stock. From 1,000 to 5,000 psi, steel is used. 
internal parts are stainless steel. Pipe sizes 4, }, 3, 
in. are available. 

Pneu-Trol Devices, Inc. 
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3122 N. California Ave. 


Electronic Timer Switch Controls Automatic Machines 


Process control and machine timing offer applications SPECIFICATIONS 
for a new electronic timer switch. A number of points 
in the internal circuit are brought out through front panel 
terminals in order to provide flexibility in application. Pro- 
visions are made for four basic types of timing: interval, 
delayed action, automatic repeat and programming. Varia- 
tions on the fundamental cycles are possible. 

One tube and one relay are employed. The circuit is 
self-compensating and voltage change or tube replacement 
do not effect the original 2 percent accuracy. The assembly 
weighs 8 lb and current is 115 or 230 v, 50/60 cycles. 
Ambient temperature and humidity are given. 


-115 or 230 v, 50/60 cycles 


Supply Power : aon jon c ume eaees 


Supply 
Output... . . Two single-pole, double-throw switches 
Relay Contact Rating 


(SPDT)... 


.10 amps, 115 v a-c Non-Inductive 
5 amps, 230 v a-c Non-Inductive 

1 amp, 115 v a-c Non-Inductive 
Auxiliary contracts x a ‘ 
5 amp, 115 v. a-c Non-Inductive 
32-150 | 


. 20-95 percent 


Ambient Temperature. . 
Ambient Humidity 

Net Weight 
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Photoswiich, Inc., 77 Broadway, Cambridge 42, Mass. 


DRAWING SCALE offered in tri- 132 W. Colorado St., Pasadena, Calif. offered in narrow bands to supply 40 


angular form with scales to make en- 
larged drawings in ratios of 1-1, 2-1, 
3-1, 4-1, 5-1, 8-1 and multiples of 
ten. Lindly and Co., 80 Herricks Rd., 
Mineola, N. Y. 
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SMALL MOTOR offered for 400 
cycles, %q hp, 115 v, 3 phase, built 
to Air Force Spec. 32590. Motor 
weighs 9 oz and is 2 in. in diameter 
by 1g in. long. Efficiency of 70 percent 
claimed. Mission Electric Mfg. Co., 


Circle No. 42 on Reader Service Card 


COPPER OXIDE RECTIFIER with 
reverse resistance of 1 megohm per 
ay is intended for circuits in which 
ow leakage and maximum stability 
are essential. Measures } in. in di- 
ameter by § in. long. Rated to 5 
milliamp d-c. Bradley Laboratories 
Inc., New Haven 10, Conn. 

Circle No. 43 on Reader Service Card 


CIRCULAR HEATING UNITS are 


w per sq in. Breakdowns are localized. 
Applications in plastic molding ma- 
chines. Watlow Electric Mfg. Co., 
1320 N. 23rd St., St. Louis 6, Mo. 
Circle No. 44 on Reader Service Card 


INSTRUMENT TUBING is availab! 
in 4 and # in. diameters with ¥, i 
thick thermoplastic coating, immu 
to moisture, salts, oils, acids an 
alkalies. Samuel Moore & C 
Mantua, Ohio. 
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In this 65-ton Plymouth industrial switcher, as in other 


— 4 


locomotives manufactured by Fate-Root-Heath, 


in the 12 to 70-ton class, you'll find Twin Disc Hydraulic Torque Converters ... fivid power to eliminate 
rough starts, to handle more cars per day, and handle them cheaper. 


S-m-o-o-t-h-l-y ... 
that’s the way powered equipment 
picks up under full load when the 
engine delivers its power through a 
Twin Disc Hydraulic Torque Con- 
verter. There’s no gear-shift guess- 
work: the Torque Converter offers an 
infinitely variable number of gear ra- 
tios automatically. Under starting or 
stall conditions, it multiplies engine 
torque as much as five times to increase 


s-m-o-o-t-h-l-y ... 


&é Twil aDisc 


CLUTCHES AMD /WYORAULIC DRIVES 
SS VN 


@CCh 


TWIN DISC CLUTCH COM 


BRANCHES: CLEVELAND + DALLAS + 
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tractive, hoisting, or other effort. 

On this 65-ton Flexomotive Plym- 
outh industrial locomotive a 16,000 
series Twin Disc Torque Converter 
was specified to assure smooth, unin- 
terrupted acceleration—output torque 
automatically adjusted to load require- 
ments—eliminating the use of heavier, 
more expensive diesel-electric units. 
A planetary transmission with high, 
low and reverse is coupled with the 


Torque Converter to comprise the 
entire transmission. 

This smoothness, this automatic se- 
lection of the right gear ratios, means 
more work done, longer equipment 
life. That's why more and more equip- 
ment manufacturers are switching to 
Twin Disc Hydraulic Torque Con- 
verters (Lysholm-Smith type) —avail- 
able in 40 to 1,000 hp capacities. 
Write today for Bulletin No. 145-C. 


Clutches & Hydraulic Drives 


Racine, Wisconsin + HYDRAULIC. DIVISION, Rockford, Illinois 


DETROIT + LOS ANGELES + NEWARE 


NEW ORLEANS + SEATTLE + TULSA 
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Portable Instrument 


Tests Small Tubes 


A new laboratory type instrument is built to test all sub- 
miniature tubes, including television. The scale reads 
directly in microhms. A separate meter is provided to 
permit adjustment of line voltage while a mabe is under 
test and a plate milliammeter can be inserted to read plate 
current. 

The instrument has two transformers to test future life 
of the tube and three a-c signal voltages, 0.25, 0.5 and 2.5v 
are available in addition to the d-c grid bias and plate and 
screen voltages. Provision is made for self-bias and for 
vernier adjustment of bias. This feature is accomplished by 
a 200 ohm rheostat with calibrated dial, by-passed by a 
1,000 mfd capacitor whch can be inserted in the cathode 
circuit by operating a switch. The leatherette carrying case 
measures 17 by 18 by 181% in., and the entire instrument 
weighs 31 pounds. Operation is on 110-130v a-c lines. 
With the outside line current adjusted, the instrument gives 
the important characteristics of the tube under test simul- 
taneously on one set of dials. 


Hickok Electrical Instrument Co. 
10544 Dupont Ave., Cleveland 8, Ohio 


— 





INSTRUMENT is designed to test all sub-mimiature tubes. Vol: 
ages of 0.25, 0.5 and 2.5 are used with d-c grid bias and d-« 
plate and screen voltages. A separate meter reads line voltage 
tor accurate adjustment. Plate current of the tube under test 
is also shown. The main tube testing scale reads directly in 
microhms. Leatherette carrying case weighs 31 pounds. 
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Electronic Relay 
Has High Power Gain 


A new electronic relay has been designed for a range 
of operation covering motors, alarms, instruments, thermal 
sensitive resistors, and level and motion control. 

Power gain is 200 million and the relay can be operated 
at 117,208 or 230 v, 60 cycle. Continuous adjustment is 
provided from 3 microamps to 1 milliamp control current 
with operating resistances of 1700 ohms to 1.5 megohms. 
A built-in switch converts the relay from normally open 
to normally closed. The relay is uneffected by +10 percent 
line voltage variation and handles loads of 20 amps at 250 
volts. Control leads up to 2000 ft long may be used. The 
power relay is the mercury plunger type and the enclosure 
is fitted with BX cable connectors and insulated bushings. 

The circuit permits operation of the thyratron tube below 
half its rating and at eilaead filament voltage. Applications 
are possible on instruments where contact current, wear 
and deterioration are important factors. 


American Instrument Co., Inc., Silver Spring, Maryland 
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S32 PLEXIGLAS 


means ‘Good Looking’’ 


because it’s 


crystal clear 





When you want customers 


to look at—or look through— 





your product, specify 


PLEXIGLAS molding powder. 





This acrylic material makes 
clear or colored decorative 
pieces gleam like jewels. And 
in lenses, transparent sections, 
housings, true optical clarity 


is assured. 


The excellent flow characteristics 


of PLEXIGLAS powders permit 
. : , 16-inch picture tube lens injection mo'ded 
satisfactory molding over a wide range of PLEXIGLAS VM by Erie Resistor Cor 
poration, Erie, Pa. for Sylvania tele- 
of temperatures and pressures. ate coh, FAENGLAS eye pints 
lenses have perfect, water-white clarity 
‘ i ° .«- plus str th thot re] Under - 
We offer 3 different injection grades, cestens’ Gofbaratestes testa for off tons 
sizes, and results in superior resistance 


each developed to meet specific to demage both in shipment ond in 
the home. 


requirements—PLEXIGLas V, VM and VS. 





For injection molding of durable, stable products— 

resistant to high heat, weather, discoloration and breakage— 
get full details of PLexicLas molding powders today. 

Our newest booklet, “Piexicias Acrylic Plastic Molding 


Powders”, gives complete information. CHEMICALS FOR INDUSTRY 





SEND FOR YOUR FREE COPY TODAY 
| aS ROHM ¢ HAAS 
Greadian Distributor: Cryotal Clase & Plastics, Led COMPANY 


54 Duke St., Toronto, Ont. 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
Representatives in principal foreign countries 
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For HEAVY DUTY SERVICE 


Drive Shafts of 


CLEARING PRESSES 


rotate on 


How unique staggered and 
meshed roller design provides 
greater load carrying capacity 


ilestration above 


Clearing Hydraulic and Mechanical Presses 
exert accurate pressures up to thousands of 
tons—turn out huge sections of car bodies in 
a single stamping. Clearing engineers find 
Orange Staggered Roller Bearings best suited 
to withstand the severe service in the drive 
shafts of Clearing Presses and have been 
using these bearings with excellent success 
for 10 years. 


DO THE WORK OF 
LARGER-SIZE CONVENTIONAL BEARINGS 


herever designs call for bearings 

combining extreme ruggedness, high 
load carrying capacity and precision run- 
ning—be sure to study the capacities of 
Orange Staggered Roller Bearings. Size 
for size, they carry higher loads than 
conventional roller bearings. Used in new 
designs, you can carry the required load 
with smaller size Staggered bearings and 
save space. Used as changeovers in 
present equipment, you gain extra load 
capacity and longer service life. 


Orange Staggered Roller Bearings are 
available in a full range of interchange- 
able sizes—in the 200 and 300 series, 
from 305 to SW-244, and in the 5200 and 
5300 series, from 5306 to 5334. Also 
with notched-type inner race, supplied 
with separable outer and inner races, as 
required. Special sizes to order. 


WRITE FOR 
ENGINEERING DATA FOLDER 


showing construction, types, sizes, 
capacities, installation data, etc. 


| New Parts and Materials 


Elliptical Ring Locks Stud 


The stud forces an elliptical 
steel retainer in a round hole. 
locking pressure on the threads 

| unit. The retainer floats in the « 


bore, bearing no load. The 
stress is carried by the threads in the 
tapped hole. Studs are available ; 
NC and NF threads in standard size 
from % to 2 inches 

Security Locknut ( 


1815 N. Long Ave., Chicago 39, i 
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Air Accumulator Stores 
Fluid At High Pressure 


Low-pressure-air-operated —accun 
lators have been designed to elimina 
the danger of handling high pressur 
gasses and store fluids at up to 1! 
psi for use when required. 

Ordinary plant air at 60 to 200 ps 
is used as the compressible medium. |: 
pump circuits, oil flows from the pump 
into the accumulator during the non 
demand pump cycle. The oil, unde 
the high pump pressure, works agains! 
the low-pressure compressible (air 
medium. The oil is thus “‘stored 
pressures up to 10,000 psi, for « 
immediate or later discharge, usual!) 
high flow rates of short duration. Th 
are generally used in this capacity 
die casting machines, plastic molding 
presses, heavy machine tools, etc 

The all metal construction of 
accumulators is claimed to adapt 
for applications in which severe s 
loads are encountered, partic 
when the accumulator must comp: 
unload itself in stopping and rc 
ing the motion of a moving 
These units can be unloaded ar 
loaded at will and can be advar 
ously employed in non-pumping 
| cations, such as the loading of! 
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Slower Speeds 
to fit 
Your Needs 


Gvailable in rating 


Where “slower than motor” speeds 
are required —on agitators, con- 
veyors, scrapers, or in a host of other 
applications—you can obtain posi- 
tive reduction with the right power 
by using Wagner Gear Motors. 


These gear motors combine famous 
Wagner motor dependability with 
nationally-known gear units to give 
you compact, efficient gear motors 
that can help reduce costs, improve 
your product, and increase your 
plant operating efficiency by elimi- 
nating the need for belts, pulleys 
or chains. 
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s down to “zo horsepowe, 


The expanded Wagner line of gear 
motors now includes ratings frora 
1/20 to 50 horsepower and with 
gear ratios to meet every require- 
ment. Their flexibility of mounting 
provides an exceptionally large 
number of combinations to meet 
particular needs. 

Twenty-nine branches, located in 
principal cities, and manned by 
trained field engineers, are at your 
service. Write for information on 
the complete line of Wagner Gear 


Motors. 


WAGNER ELECTRIC CORPORATION 
6406 Plymouth Ave., St. Louis 14, Mo., U.S.A. 


ELECTRIC MOTORS + TRANSFORMERS + INDUSTRIAL BRAKES 


AUTOMOTIVE BRAKE SYSTEMS — AIR AND HYDRAULIC 


BRANCHES IN 29 PRINCIPAL CITIES 
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The doctor held his breath. An iron Jung had stopped. For four 
years it had kept a little girl alive. Now ... ? Feverishly, hospital 
attendants readied a temporary lung. But it would be only a 
matter of hours before substitute lung and young life would 
snuff out together. 

Five hundred miles away in the Winsmith plant, the phone 
jangled with an urgent question. Could they? They’d Aave to! 
The clock on the wall said three. Experts cooly raced the hands 
of the clock and at four, the gravely needed speed reducer had 
been assembled and flown on its way. 

That night, the little patient . everyone breathed easier, 
Winsmith had won a race against time. 

Unusual? Not altogether, especially when an equipment manu- 
facturer has the foresight to install a standard reducer. Yes, meet- 
ing and beating tough challenges is an old Winsmith habit, thanks 
to standardization and management's responsiveness to Customers’ 
problems. 

Your speed reducer problems may not be a matter of life or 
death, but they’re often a matter of profit or loss. Winsmith can 
help you solve these problems to your best interests . . . time-wise 
and cost-wise. One of the reasons . . . industry’s widest range of 
standardized types and sizes up to 85 H.P. Another . . . the large 
inventory of standard parts ready for quick assembly. Together, 
they enable the Winsmith field engineer FREE CATALOG 


in your territory to prescribe to your needs jygndbook No. 14800 /*eot 
right out of stock from one of these 3 with compiete - 
basic types: engineering dota. / 

Write. Jon, _— 
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New Parts and Materials CONtinued 
draulic die cushions, and in oth: 
plications where unloading for 
filling or for feeding new stocks js 
essary, such as in providing the ho! 
pressures for cylinders used on striz 
mill rolls in steel processing, on tan 
ning squeeze or wringer rolls in leathe 
processing, or on pressure rolls of tex 
tile machinery. 

By changing their circuit cor 
tions, these accumulator units can be 
employed as “boosters”, with either 
plant oil or air line pressure used as the 
input medium in developing up to | 
000 psi hydraulic output pressure fo; 
operation of hydraulic work cylinders 
The units are offered in a variety of 
convenient sizes and mounting styles 
and are built up from standard air and 
hydraulic cylinder components that 
permit fast production of any mode! 

Miller Motor Company, 4027 Nor 
Kedzie Ave., Chicago 18, Illir 
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Brake Motors Hold On 
Power Failure 


Motors up to 20 hp in the manufac 
turers standard line are now available 
with an explosion proof, electrically 
operated brake as unit apparatus 
Brake combinations have been selected 
to operate at 100 and 150 percent of 
full load motor torque. An adjust 
ment nut sets the torque for specifi 





load conditions, allowing operatio: 
below maximum rated valve. A wear 
indicator is visible through a plast 
window, which may be removed 
access to the combination hand release 
and wear indicator. A _ screwd 
adjustment compensates for wear 
General Electric Co., Schenectady 5, N. ' 
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Flat Resistor 


ae 


A new flat, metal-encased, wit 
wound power resistor is specifically 
signed for business machines and ot! 
exacting equipment requiring depen 
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WHICH TUBE WOULD YOU CHOOSE? 


These photomicrographs show the transverse sections They tell their own stories and prove the truth of our 
of three brands of capillary tubing. statement that ‘The i. 


x ~ BIS Satay 
= Ente 5 
EX AW Nat 
Magnification 75X show ~ Dive See TREAD 
ing thé rough bore of sunk : 

081” O.D. x .031" 1.D 


tubing 





Magnification—75X of 
081" O.D. x .031"° 1.0 
showing that an attempt 
was made to smooth the 
bore by plugging. Over- 





Igps indicate sinking oper 
ctions previous fo final 















- 
; : 2 es a 
ll ¥%, iS re BN ORS 
us : i ee F) oS eS eee SODAS SN 2S CAPS pacientes 
o! 
Magnification—7 5X proves 
the smooth bore of plug 
drawn Wolverine Capi 
lator* Tubing. The size 
081" O.D. x .031" 1.0 
Ww 
ia al aa 
All these reproductions were made from unretouched photomicro- ; 
graphs. While capillary tube was used as an example, bear in Ries 
10! d z r 4 iovU it 
mind that this small sized tube was drawn from the same base size 
" 3” O.D.) used to produce all other sizes of Wolverine tube. Thus i 
ist this evidence of quality applies to ALL Wolverine tube, regardless Let us send you literature telling about the use of tubing in your 
of size. own applications 
7 Which tube would you choose? Of course, you'd choose the tube WO LVE RI N £ TU BE DIVISION 
i which would allow the smoothest flow of liquid or gas—and, in i | 
the long run, give you the most economical service. You'd choose Calumet & Hecla Consolidated Copper Company | 
} dependable Wolverine tube. a $) | 
ol MANUFACTURERS OF SEAMLESS, NON-FERROUS TUBING 
. *Reg. U.S. Patent Office 1415 CENTRAL AVE. ° DETROIT 9, MICHIGAN | 
PLANTS IN DETROIT AND DEC 
rd ~~. ey Sales Offices in Principal Cities 
sd 
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How to make 
PLANNED 
assembly savings 
PAY OFF! 











STRONGER ASSEMBLY, TOO, IS CHILD'S PLAY 


When the Bender Playground Co., 


maker of the Beneler Stainless 


Steel Slide, was searching for a way to strengthen its product, 
P-K Self-tapping Screws were tried out. Results were so satis- 
factory that P-K Screws are spec marae today for every Bender 


Slide. Each slide contains 40 


5 Phillips He ad Self. 


tapping Screws—air driven eu steel into wood. “They hold 
better . . . don’t come toose,” reports the manufacturer. Why not 
invite a P-K engineer in to discuss your problem? You may be 


able to make similar savings. 


Being on the lookout for better ways of doing old familiar jobs led 
So] e a =] 

this manufacturer to try Self-tapping Screws. Being, as well, a smart 

businessman—he naturally knew apparent savings do not always 

prove out. So, to make sure, he wisely chose P-K Self-tapping Screws. 

For performance, not price, is the only safe yardstick to use in figuring 
per } peace, ; y suring 

the ultimate cost of fastening methods. 


Screws that don’t Measure up cause costly Slowdowns 


Screws that are the wrong type, that break or otherwise don’t measure 
up, can quickly ruin your carefully planned savings. That’s why suc- 
cessful manufacturers everywhere insist on Parker-Kalon Self-tapping 
Screws. Parker-Kalon originated the Self-tapping Screw. Throughout 
35 years of manufacture, P-K has maintained its high quality stand- 
ards—standards that keep assembly lines trouble-free. 


P-K* has the RIGHT fastener for every job 


PK 


TRADE MARK 





Parker-Kalon makes a complete line of Self-tapping Screws. P-K is 
able to fit the fastener to the individual application—never requires 
you to fit the job to a certain type fastener. Find out for yourself why 
so many nationally known manufacturers say—"If it’s P-K . . . it’s 
O.K.” Parker-Kalon Corporation, 200 Varick Street, New York 14, 
N. Y. Sold everywhere through accredited Distributors. 


*TRADE MARKS REG. U.S. PAT. OFF. 
The Qniginal 


en 


Circle 


a Bi-M 
In M 


Cor 

TYPE A come 
WITH PHILLIPS toes 
RECESSED HEAD o-met 
Termi 


‘ 


(Also made with 
slotted head) 


‘ PARKER-KALON) SELF-TAPPING SCREWS 


A TYPE AND SIZE FOR EVERY METAL AND PLASTIC ASSEMBLY 
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irts and Materials continued 


and minimum size. The re- 

5 space wound, has mica rather 

shenolic insulation, and is en- 

in aluminum for mounting flat 

t a metal chassis to assure heat 

ition. At 175 C continuous op- 

temperature these units are 

for 74 w in still air and 15 w 

,er. mounted on a metal chassis. The 

yr is claimed to have safely dis- 

{ as much as 35 w over long 

eriods when mounted flat against a 

eavy metal plate, although such ex- 

loading is, of course, not rec- 
nmended for normal use. 


Shaller Mie. ¢ Collingdale, Pa 
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Rubber Sandwich 
Cuts Vibration 


Stud-type vibration isolators control 
ransmitted vibrations in compression 
¢ shear. A rubber cylinder is bonded 
) steel end plates to which studs are 
welded. One stud is bolted to a foun- 
lation, the other to a piece of equip- 
ment. The rubber is bonded to the 
netal with breaking strength of ten 
mes the working load, so that it is 
t necessary to anchor the studs with 
a the rubber. This affords maximum 
ampening efficiency. 

Available in 44 different sizes, for 
oad ranges from 14 to 2704 per 
nount, the isolators lend themselves 
) use with small motors, engines, 
ithes, air conditioning and lighting 
-quipment. 


Finn and ( 2850 Eighth Ave 


New York 30, N. 3 
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| Bi-Metal Thermostats Sealed 
In Metal Enclosures 


Corosion resistant metal cases are 
nermetically sealed around these new 
i-metal disk and strip thermostats. 
Terminals are soldered into steel tubes 


You can have a copy of 
this valuable 48-page 
catalog — 

SEE COUPON 








ormatio!| 


That Will Help You in Planning 
FOR THE MOST... in Cost Saving, 


Dependable Product Performance 


This Catalog, with the tremendously helpful information contained it 
its 48 pages, can be of great value to you. Numerous pages of photo 
graphs show LUFKIN Gears in the service of various industries, suc! 
as the oil industry—one of the toughest for gears. Photos of the variou 
type Reducers and Increasers are shown with complete specifications 
Pages are devoted to a “guide for selecting character of load” and 
“service factors table.” There are a number of pages on “selection o| 
gear reducers.” Horsepower rating tables are given as well as pages om 
load capacities and pages shoving general dimensions. All this with 
other pertinent gear details make this catalog a dependable aid i 
your planning. 


LUFKIN FOUNDRY & MACHINE CO., LUFKIN, TEXAS 
Please send copy of your Catalog G-1. 


NAME 











STARE... 


UFKIN. 
| GEARS | 
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New Parts and Materials 


having the same coefficient 
sion as the hard glass insularor 
surrounding them 
The new units are designed for 
c ’ ice from —60 to 600 F in any 
y V4 ae a cision device subject to dust n¢ 
/ se or corrosion. An_ electrically 
ALL THES : Tr pendent bi-metal thermal contr 
- © } ment is claimed to eliminate arti! 
Jj Biss eae es \ | cycling. Special order units ca 
ti sealed in helium 


j 
r 


Stevens Mfg 
69 So. Walnut St., Mans 
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Combination Gear Metor 


A compact industrial motor 
combines a 1 to 10 ratio variable s; 
control with a gear head for 
speeds and high torques. It is avai 
in 3, 1/3, 4 and 3 hp; speed rar 
are from 10 to 10,000 rpm. The frame 
is cast aluminum. A dial control per 
mits speed changes by turning the han 
dle less than one revolution for any 
variation. Slippage is prevened by a 
belt tensioner which automatically com- 
pensates for load. The gears are spe 
cially designed and have a hardness of 
45/50 Rockwell C. Inspection of the 
interior is made by loosening four 
screws and removing the cover p! 


U. S. Electrical M 
E. Slauson Ave., Los Angeles 54, Cal 


AXIAL CONTACT , 
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i> 
ef 360° RADIAL CONTACT—Application of the operating 


pressure at the maximum diameter results in the greatesi Tunin g Fork Gives 

operating torque. 

Standard Frequency 

AXIAL CONTACT— Fawick design provides uniform- ° 

pressure, constant-velocity contact between the full A tuning fork assembly provides 

width of the friction shoes and the drum. constant frequency sine wave voltage 
from a 28 v d-c source in this new 

SHOCK ABSORPTION—Operating torque is transmitted light-weight frequency generator 

through the flexible rubber tube, dampening shaft The new model consists of a minia 

vibrations and cushioning peak load shocks. ture compensated tuning fork of hig! 
Q design, electronic driving m 

CONTROLLED TORQUE—Variation of operating pres- suitable output transformer, therm 

sure makes sensitive control of applied torque possible. 

Peak overload protection is assured at a selected air 


pressure. 


For specific information on all advantages of 
Fawick Industrial Clutch and Brake Units, write to 
the Main Office, Cleveland, Ohio, for Bulletin 300. 


FAWICK CLUTCHES = 8+ O+-*O°-=DEAK EFFICIENCY 
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k Nut !s Tougher 
ou Tighter Grip, 





You get 4 tighter grip. greater cafety and econ- The quality. efficiency. and safety with econ 
omy with the new Townsend Tufllok nut. It gives omy, you get in the new Townsend Tufflok nut 
possible by the skill and exper nee 


you more service at less cost The exclusive Tuf- is made 
as thee ldest 


materials in the insert and gained by The Townsend Company 


flok design”, plus the 
yanufacturer of small cold forme d fasteners ™ 


nut body combine to give you the toughest lock n 
nut yet produced for any use where nuts must the United States This know-how combined 
stay put under @ variety of adverse conditions. the background of The Nvlok Corporation iv 
producing millions of lock nuts gives you the ad 
vantage of a reliable source for your lock nut 


with 


Here are the New Exclusive Features of the 
Townsend Tufflok Nut: 
1. Tough heragon insert won't turn in its seat, 
gives you wsitive grip on the bolt at all The new Townsend Tufflok nut with exclusive 
times. ‘Specially treated insert resists mois- hexagonal treated insert and spect al cold t rged 
ture, oil End drying out. Special inserts where body is available in machine screw sizes No. 4 
special applications are required. through $<”, cadmium o zine pl sted. This lin 


requil ements 


Tough, one piece cold forged nut has exclusive will be increased in the neat future 


petal design to assure positive insert staking. ‘ : f 

3. Tough threads cul in cold forged steel are For longer — with ater safety und econ 

stronger, spin on easier, resist galling. speed omy specify Townsend Tufflok Nuts. Write te 
up application and also afford more reuse. 


THE TOUGHEST LoOcK NUT EVER PRODUCED 


*Licensed under The Nylok Corporation patents Tufflok is 8 trademark of the Townse' 


day for samples and complete information 


Call or W rite today to: 


ownsen 


COMPANY — ESTABLISHED 1816 





New Brighton, Pa. 


Chicage 38, lll. 





of 
your specifications 


You save time and money when you 
rely on our high productive capacity 
and special equipment to turn out 
precision parts to your order. 

Typical are surgical and dental in- 
struments, pen and pencil barrels, sol- 
dering iron cases, etc. Medium wall 
tubing up to 24” O.D. and solid steel 
.015” to %” diameter handled. 

We are also set up to make such 
parts as special rollers, shafts, studs, 
dowel pins, special needles, instru- 
ment shafts and pivots, screw driver 
and ice pick blades, knurled mandrels 
and spindles, ete. 

Send your prints and spec ifications 


today tor prompt quotation, 


THE TORRINGTON COMPANY 
Specialty Department 
554 Field Street * Torrington, Conn. 
Makers of 
TORRINGTON //7/: BEARINGS 


202 


New Parts and Materials continued 


stat, preheater, heater, heater relay in- 
sulation and herrnetically sealed enclo 
sure. Its output frequency is 400 cycles 
per second and is constant within 1/10 
percent over specified conditions of 
load, input voltage change, and eavir 
onmental conditions such as tempera 
ture, altitude, salt spray, fungus, sand 
and dust. This rating, in contrast with 
the usual practice of specifying fre- 
quency deviation “per degree” is for 
the full range of ambient conditions 
encountered by aircraft. Special fre 
quency generators, having other rated 
input voltages (either a-c or d-c), out- 
put voltages, output impedances, and 
frequencies can be built to order 

The standard model is designed pri- 
marily as a frequency standard for con- 
trol of 400 cycle per second electronic 
inverters, but can be applied to rotary 
inverters, alternators and vaious signal 
generators for airborne equipment. It 
can also be applied as a time standard 
for counters, clocks, intervalometers 
and recording oscillographs. 

Input is rated at 28.0 (+1.5 —3.0) 
v d-c, with a 1,200 ma maximum cur- 
rent. Minimum output is 15 v, through 
the standard load resistance of 1 meg 
ohm. Warm-up time is 10 sec, weight 
is 11 oz, temperature range is —55 
to +110 C, and materials and work- 
manship are according to AN-E-19. 

Varo Mfg., Box 638, Garland, Texa 


Circle No. 55 on Reader Service Card 


Pneumatic Booster 
Controllers 


A pneumatic current controller has 
been developed to permit the use of 
standard industrial pneumatic control 
lers on applications involving electrical 
components as the final element. 

The assemblies can be used in con- 
trol systems for the ultimate control of 
temperature, flow, speed, pH, etc 
Among their uses would be tempera- 
ture control of electric furnaces, dry- 
ing ovens, and electrically heated stills 
and columns. The controller is also 
commonly used in conjunction with a 
small] rheostat-potentiometer to regulate 
the input to electronic speed control 
devices such as the General Electric 
Thymotrol and Westinghouse Moto- 
trol. A standard electrical component 
has been modified for continuous 
throttling control seivice, and the cylin- 
der operator includes an_ integrally 
mounted positioning device to provide 
accuracy and sensitivity of positioning 
to within 1/500 part of its total travel. 

Conoflow Corp., 2100 Arch St., 
Philadelphia 3, Pa. 


Circle No. 56 on Reader Service Card 


RELAYS and 
CIRCUIT 
SELECTORS 


ROTARY SOLENOID 
OPERATED 


@ REMOTE CONTROL 
@ SELF-STEPPING OR 
EXTERNAL IMPULSING 
@ POSITIVE 
DETENT ACTION 


for REMOTE CONTROL 
of MULTIPLE 
COMPLEX CIRCUITS 


Many versatile designs of stepping, 
counting, adding and subtracting, 
latching, and circuit selecting re- 
lays are made possible by the 
combination of the Ledex Rotary 
Solenoid and wafer type retary 
switches. Self-stepped or exter- 
nally impulsed, the device is im- 
mediately adaptable to many 
remote control applications. A 
choice of wire sizes permits a wide 
range of operating voltages and 
power requirements. Various ‘types 
of mountings further increase its 
adaptability. In addition to its 
positive control of multiple, com- 
plex circuits, a reserve of mecnani- 
cal power is available for the per- 
formance of duties other than 
switching operations. 

We supply to quantity users and 
solicit the opportunity to be of 
assistance in solving multiple cir- 
cuit relay problems. 


€ 
WRITE DIRECF*TO 


130 WEBSTER STREET 


DAYTON 2, OHIO? 
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(monete .. . 1/250 to 1/500 H. P. 


2-pole, shaded pole induction motor. 
Features include accurately aligned 
motor shaft . . . oiless bearings. 


“MoE A. . «« 1/125 to 1/200 H. P. 


2-pole, shaded pole induction motor. Fea- 
tures include novel bearing construction 
which insures rigid and permanent align- 
ment of motor shaft... oiless bearings. 





SMALL MOTORS 
WITH A 


REPUTATION 


It’s a time-proved reputation, too . . . for 
dependability and trouble-free service . . . 
gained from years of use throughout the 
radio-phonograph industry. 


Whatever your small motor application— 
action displays, heater or exhaust fans, 
automatic controls, business machines— 


you're sure of complete satisfaction when 


a you choose from the GI Smooth Power line 
. .- 1/50 to 1/100 H. P. ; ” 
of small motors. 


4-pole, shaded pole induction motor. All three motors available in different sizes 
Features include scientifically designed air to meet power requirements varying from 
intake...dual cooling fans... self-aligning, Sa ts 

8 guns 1/50 to 1/s00 H.P. Write today for blue- 


oiless sleeve bearings. 
prints and quantity price quotations. 





GENERAL INDUSTRIES Co. 


DEPARTMENT D « ELYRIA, OHIO 
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Author’s Rebuttal 
To the Editor: 


In his comments on page : 
your June issue, upon my recent arti 
on gear tooth durability (Marc 
1950), Mr. D. W. Dudley raises s 
eral points well worth furthe- 
cation. 

Referring to his original designa 
tions, my thoughts on the points 
as follows: 

1. What is the nature of loadi; 
on the gear train? 

All data were gathered and ana 
lyzed on the basis of a unmty load 
factor corresponding to the average 
smooth (?) industrial load. 

When a rough or cyclic variant load 
is encountered, a marked reduction in 
life will be noted unless proper com 


SHORTEST DISTANCE setween Pete prefered method isto snl 


an experimental or synthesized load 
RAW MATERIAL AND FINISHED PRODUCT curve and to use the root-mean-cube 


m a all f a . value in evaluating the gearing through 
Nickeloid Pre-finished Metals eliminate many costly operations — clean- my suggestions on life determination 


ing, platirg, polishing and in addition provide lustrous new beauty. While not strictly vigorous, *his has 
You simply fabricate, then assemble! And those two steps take you to yielded far better results than the appli 


; applt- 
lower production costs, plus greater product beauty. cation of any of the commorly used 


service factors. 

2. What margin should be allowed 
for safety? 

Surface failure does not cause the 
immediate stoppage of a gear set. 
a no allowance need be 


Write " is onl made for safety. 
for new “Flow-Chart wo The prediction of gear life should 


showing how Nickeloid Pre-finished Met- iy [-- prove especially advantageous in the 
als eliminate costly production opera- (oa : design of equipment having high de 
ma 5 pendability requirements, — sincé 
would enable the initial choice of an 
adequate gear design. 

Although not stressed in the 
lished article, the life values giver 
respond to the 10 percent failurs 
used by the anti-friction bearing in 
dustry to permit a ready comparison 
of life values. 

3. What materials should 
chosen ? 

The data used were based entirely 

AM ER | CAN | upon the use of heat-treated alloy steels 
| with very few carbon steels includec 


N | C K E LOI D The use of any other material w 
WICKEL + CHROMIUM~ BRASS - COPPER of course, render the entire m 


Llectve- plated 10 AL COMMON Base METALS & 


useless. 
¢ “ae COMPANY With the material restricted to 
é \S 


Ss? treated steel, very little choice 


g 
AND tarcts* PERU 4, ILLINOIS | trie Gieeeen Quill on 














Nickeloid Pre-finished Metals are available in sheets or coils, in wide range 
of gauges, and tempers, plated ene or two sides, bright or satin finishes of 
Chromium, Nickel. Brass or Copper, plated to base metals such as Steel, 
Zinc, Brass, Copper or Aluminum, 





tions. 
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14600—Man worked hard for his pay in 1875—By accident, it was discovered = 1900 Result: Electr 
these days. Crude machines like this that if two direct current dynamos ™ placed foot power! 
to lighten his load by replacing la- were connected together, one would serve “Red Band” Electric M 
handwork with foot power. But as a generator and drive the other as a these rugged, industrial 
gress was really only beginning motor. Electrical horsepower was here! widely accepted in many 


H PRESS WITH A 


i> Today Electrical horsepower does 
7 
the work! For example, this huge, 





modern, heavy-duty punch press, pow- 
ered by a 75 H.P. Howell Motor, can 
exert a pressure of over 800 tons! Back- 
breaking labor is gone, costs 

time is saved and output in 

That Howell Motors were 

this and other important jobs in indu 
try is a tribute to the qualit: 
formance of Howell product 





It shows that Howell's 

rience in the design, manufi 
application of precision-b ! 
type motors can prove invaluab 














Consult Howell before you 
tric motors! 


Equipment courtesy E. W. Bliss Co., Toledo 


_— 


Free enterprise encourages mass production, supplies more jobs—provides more goods 





HOWELL ELECTRIC MOTORS CO., HOWELL, MICH. 
Precision-built Industrial Motors Since 1915 








es { 











Howell Type F Punch Press Motor 
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Our Readers Say co 


provided that they would prod 
desired physical properties an 
racy with good manufacturing 
dure J 

The steel chosen should hav 
quate hardenability to produce the ¢ 
sired hardness without extren 
quenches and/or drawing into 
per brittle range. 

In the case of surface hardened 
gearing, the strength beneath th 
face must at all times exceed the 
plied stress. Generally speaking, 
tule of thumb of case thickness ( 
50 Rockwell “C’) of 0.08 to 012 
times the tooth thickness at the pitch 
line has been found satisfactory jp 
preventing sub-surface failure. 

Mr. Dudley's comparison of the v2 
ues of W, by both Buckingham 
method and my modification thereof js 
questionable, since it presupposes that 
the total cumulative error in the gear 
as used to determine C by Bucking. 
ham’s definition is equal to the indi. 
vidual tooth-to-tooth errors as defined 
on page 105. While theoretically pos. 
sible, this condition is highly im. 
probable. 

No definite compacison between the 
value assigned for C for a given gear 
can be given since C value based on 
tooth-to-tooth error has been observed 
to range from 0.1 times that value 
recommended by Buckingham up. 
wards, approaching unity as a limit 

In practice, ratios between 0.25 and 
0.5 have been commonly observed 
This means that an error value of 0.001 
in. used under my evaluation would 
| probably correspond to a value of 
exclusive with ag to 0.004 as defined by Bucking 


At extremely high speeds, an oil 
HOOVER BALL BEARI NGs | film develops to sufficient thickness to 
| effectively increase the area of gear 
The photographs reproduced above are magnified one tooth supporting the load. This resul's 
hundred times so you can see the difference between in a drastic reduction in the compres 
ground, polished and honed raceways. The process and Sive stress nd . ee loading _ 
the special machines for the honing operation are exclu- sequently, either greatly mncreased it 
: : : or a considerable increase in !o: 
sive, patented, Hoover developments. Honing by Hoover carrying ability is found oder this 
goes far beyond grinding and polishing to achieve a sur- contin, 
face that assures amazing quietness plus 90 per cent It is unfortunate that the evaluat 
longer bearing life... 30 per cent greater load capacity. of this effect is still so weak that : 
That’s why Hoover Ball Bearings are the choice of dis- one can predict its magnitude. _ 
tinguished American manufacturers of fine ma- | Many other factors of gear de 
chines and equipment. are in much the same position and "' 
is hoped that some day a compre 
The Hoover Engineering Manual will be mailed hensive, rational analysis will resuit 
free to engineering and purchasing executives re- —Davis M. Wool 
THE ARISTOCRAT questing a copy on their business letterbead. Seattle, Washin: 


e IMAM I 


Orit 


’ 


Le tah 





“se een 
_-_ ee > ose 
‘ 


Our Sincere Thanks 
Ed—Quoted below are exerpts 
several of many letters comment: 


the special report, “Designing 
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This versatile electronic measuring 


equipment PAYS [TS WAY IN MANY WAYS 


Checking O.D. with External Com- 
porator No. 951, and Amplifier No 
950 mounted on Signal Light 
Attachment No. 958 


Checking 1.D. on Internal Compara- 
tor Attachment No. 952 . . . separate 
plugs permit measuring holes up to 
2 inches. 

<r 


- 





Checking an inside mi- Checking gage size with Gage 
crometer to a high degree oo Head Cartridge. Complete free- 
of accuracy with Gage fe dom from differences in “touch” 
Head Cartridge No. 953 i of different operators. 

in fixture 


With this equipment, you can gage a variety of small UNIQUE FEATURES 
precision parts on a mass production scale so fast and so 
accurately that costs drop. No special skill needed. Sav- 


ings over slower, more tedious methods quickly pay for @ True linear response permits accurate setting for 
- _ entire scale with only 1 master block. 
this equipment. 


®@ Separate amplifier isolates heat-producing elements. 


When used as a part of a Quality Control Program, @ Single amplifier may be used to serve several test- 
this Brown & Sharpe Electronic Equipment offers even aS CNS. 
greater savings. It permits closer, faster coordination of Normal line voltage fluctuations do not affect read- 
inspection with production . . . making possible a sub- ings. 


stantial reduction in rejects, wasted time and effort. Simple turn of graduation selector provides accu- 


This modern gaging equipment is designed and con- rate readings in any desired increment from .0001” 
structed with characteristic Brown & Sharpe precision. to .00001”". 
For complete information on its unique features, write Simple, self-checking device on external comparator 
Brown & Sharpe Mfg. Co., Providence 1, R. I., U.S. A. ...no gage blocks needed. 





BROWN. & SHARPE © 





COUPLINGS 


FOR POWER TRANSMISSION 
REQUIRE NO MAINTENANCE 


Patented Flexible Disc Rings 
of special steel transmit the 
power and provide for mis- 
alignment and end float. 


Thomas Couplings have a wide 
range of speeds, horsepower 
and shaft sizes: 
Y2 to 40,000 HP 
1 to 30,000 RPM 
Specialists on Couplings 
for more than 30 years 


BACKLASH 

FRICTION 

WEAR ang 
CROSS.pyi) 
Gre Climinateg 
Lubrication is 


PATENTED of required; 


FLEXIBLE 








DISCS 


THE THOMAS PRINCIPLE GUARANTEES 
PERFECT BALANCE UNDER ALL 
CONDITICNS OF MISALIGNMENT. 


NO MAINTENANCE PROBLEMS, 


ALL PARTS ARE 
SOLIDLY BOLTED TOGETHER. 


Write for the latest reprint 
of our Engineering Catalog. 


THOMAS FLEXIBLE 
eeltl Jai icaeek 


WARREN, PENNSYLVANIA 


Our Readers Say continued 


Dollars’, as published in the June 


issue of PRopcT ENGINEERING 


“Our . division which manufac 
tures welding electrodes and gas weld 
ing rods has requested that we find 
out whether it would be possible to 
get permission to use all or part of the 
article titled “Welding is Cheaper 
on pages 134 and 135 of the June issue 

“What they have in mind is the 
use of part or all of the article in a 
single sheet which they send out to 
distributors and their salesmen : 

"I read with great interest your 
special report to industry, pages 81 
to 144, entitled “Designing with Dol- 
lars” in the June issue. 

“T am sure this material would be of 
great value to our draftsmen and engi- 
neers and therefore was wondering if 
it would be possible to obtain a dozen 
reprints.” 

“I have just looked through the 
June issue of PRopucT ENGINEERING 
and like very much your editorial and 
the special report to industry ‘Design 
ing with Dollars.” 

“. . . Our Company is greatly inter 
ested in product improvement and cost 
reducing, and I would appreciate very 
much if you could send two or three 
tear sheets of the editorial and the 
report. I would iike to circulate them 
among some interested persons.’ 


A Familiar Chord 
To the Editor: 


The “Tip Sheet” on page 137 of 
your June issue “Tubing for Hydrau- 
lic Circuits” looks very familiar. Much 
of the material is obviously from The 
Parker Appliance Company's “Tube 
Fitter’s Manual’’; and the balance of it 
is practically the table of ‘Do's and 
Don’t’s of Hydraulic Tubing’ which 
I worked up at PropucT ENGINEER- 
ING’s request on behalf of Parker and 
with the cooperation of Bob Davies, 
Chief Engineer of Parker Appliance 
Company. You did not give the Par- 
ker Appliance Company a credit line. 
Finally, item No. 4 (g) of the tip 
sheet reads, “. . . it is recommended 
that tube lines be as short as possible. 

’ This should have read, ‘‘Dis- 
tances between tube supports should 
be not more than 5 feet.” 

R. T. MCNAMARA 

Hiil and Knoulton 
Ed.—Mr. McNamara is correct in 
everything he stated. Propuct ENGI- 
NEERING is greatly indebted to Bob 
Davies, Parker Chief Engineer and 
Bob McNamara of Hill and Knowlton 


(Continued on page 222) 
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ONLY A BALL 


one dimension 
one surface 


but oh—how important 


Important not only in precision 


ball bearings, but also in the lot of 


other applications where Strom 
metal balls have been doing the job 
better. Strom has been in on a 
great many ball-application prob- 
lems, and knows how important 
these two factors are for the best 
results. 

Strom has been making precision 


| metal balls for over 25 years for all 
| industry and can be a big help to 
you in selecting the right ball for 


any of your requirements. In size 


| and spherical accuracy, perfection 





| of surface, uniformity, and depend- 


able physical quality, there’s not a 
better ball made. 


AucustT, 
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ROD! 
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V HIGHER PERFORMANCE STANDARDS 
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-MOGUL 


LONGER BEARING LIFE 


COPPER ALLOYS 


Investigate the advantages of superior 
bearing performance available through 
our exclusive method of sintering cop- 
per lead alloys. 

In this process each tiny particle of 
powder is a true alloy of the desired 
proportions of copper and lead. In 


the finished bearing this process has 
created a known and controlled grain 
structure, of exceptional purity, with 
excellent lead distribution and with no 
segregation. Its ductility and strength 
are superior to cast materials of com- 
parable analyses. 


A request on your letterhead will bring 
a copy of our illustrated technical bulle- 
tin describing the development of this 
improved alloy made possible through 
powder metallurgy. We believe you will 
find it a worthwhile addition to your 
reference file. 


FEDERAL-MOGUL CORPORATION, 11043 Shoemaker, DETROIT 13, MICH. 


| FEDERA 


Over 50 Years of Continuous Bearing Experience 


Aucust, 1950 




















Well-Known Processor 


Puts 37% More Thru Cookers 


with Nicholson Steam Traps 


A leading drug manufacturer found that a recent Nicholson thermostatic steam 
trap installation, replacing a mechanical type, so cut kettle time that their produc- 


tion was increased 37%. Reasons for Nicholson’s faster heat 

transfer: operate on lowest temperature differential; 2 to 6 times 
average drainage capacity; 
moximum air-venting. 


Type A 


Type B—> 


J 5 TYPES FOR EVERY PURPOSE process, heat, power; 
_ size 44" to 2”; press. to 225 Ibs. BULLETIN 450. 


HIGH-PRESSURE FLOATS—Stainless, monel, steel 
or plated steel. Welded. In all sizes and shapes; 
for operating mechanisms and as tanks or vessels. 
2-day delivery. BULLETIN 348. 


W. H. NICHOLSON & CO. 


200 Oregon St., Wilkes-Barre, Pa. 
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Our Reader Say conti 
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Fubing for Hydraulic Circuits 
usual credit line was inadverte 
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omitted in the last minute rush 


The Needle Is In Order 
1 the Editi 


In the April issue of PRopuc 
ENGINEERING, there is an interesting 
article on the subject of ‘‘Semi-Pneu- 
matic Wheels’. On page 121, the 
wheel labeled “Tapered Roller Bear 
ings” shows two bearings of our man 
ufacture. Actually, these units 
needle roller bearings, and we feel 
some correction regarding proper 
nomenclature is in order. 

—W. S. St. Ona 

The Torrington C 
Ed—We are glad Mr. St. Onge has 
pointed out this error. The original 
illustration reprinted below demon. 
strates his point without need for 
additional comment. 


r: 


Heat Treatment Is Critical 
To the Editor: 


We would appreciate receiving n 
complete information on the hard 
enability process with chromium-ca 
bon powder for low-carbon steels as 
mentioned briefly in the Highlights 
section of PRopucT ENGINEERING 
which of the low-carbon steels 
this process apply and will there | 
heat treat variation according to 
bon content? W. A. Wit! 

Lynwood, Calif 
Ed.—This process, called Hard-N 
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Catalogues 785 sizes. Gives thickness, width, 
hardness, types of edges and weight in pounds 
per hundred feet. Also useful conversion tables. 
Write, on your letterhead, today. 


To SOME SANDVIK SPECIALTY STRIP STEELS Stee 
afelM -lolale MR A AeloleM -lolale Melle Mey olaia 


Sor 


nr 


ale Steels - (elaslelasttie)i Valve Steel - D 
Mt Steels - Razor Blade Steel - Reed Stee 


Steels: Trowel whicic] ean Alelachiclae .(ci-1e mh} 1-1 


Propuct ENcINEERING — Aucust, 1950 


y Temper 


; 
é 


When you need a spring steel that won't “tire” easily 
remember Sandvik. 

This high fatigue life available in Sandvik steels is a 
result of the basic purity of raw materials used and close 
controls maintained throughout all processing. 

Sandvik strip steels are available: 

@ In straight carbon and alloy grades 

@ In special analyses for specific applications 

@ Annealed, unannealed or hardened and tempered 

@ In thicknesses from .001” 

@ In a wide range of widths 

@ Unpolished or polished bright, yellow or blue 

@ With round or square edges 

Phone, write or wire your nearest Sandvik office for 
further information or technical help. 


SANDVIK STEEL, INC., 111 Eighth Ave., New York 11, N. Y. 
WAtkins 9-7180 
230 N. Michigan Ave., Chicago 1, Ill., FRanklin 2.5638 
1736 Columbus Rd., Cleveland 13, Ohio, CHerry 1-2303 
SANDVIK CANADIAN LTD., 426 McGill St., Montreal, Canoda 
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: ee Se Deep, can be applied to all type 
ALLEN O HEAD ¥% ee low-carbon steel Grades of very | 
PRESSUR- FORMING ; ae carbon content can be heated to 1 

} 


GIVES A SCREW , F without danger of burning, wl 


those of higher carbon content are | 

EXTRA STRENGTH d ae: limited to about 1,550 F. In the lat: 
— case, an oil quench is recommended 

The chrome-rich powder is market 

by Miracoloy Corporation, 50 Bro 


way, New York , NM. ¥ 


Now It’s Complete 
To the Editor. 

Somehow it seems rather impossib| 
that the discussion of gearing whic! 
appeared on pages 90 and 91 of you 
June issue could have accidentally 
omitted reference to tke double e: 

STRONGER, : veloping gearing in the descriptions 


carried under worm gears of the dif 


HEAD AND 2 ferent types, specifically excluding 
STRONGER BODY rc Cone-Drive gearing. 


We also notice that no mention was 
made of tungsten carbides among tl 
nonferrous powder metals and | 

@ am at a loss to understand why 
vy -A. F. D 
Y. Detroit, Michiga 
= | Ed.—Obviously, in the paragraph re 
lating to worm gears on page 91, the 
article should have stated, ‘There are 


t 


, 


f 


adi A el 


— 


several _— of worm gears, the most 


a common being the type in which the 
EXTRA | gear partially envelops the worm. In 
STRENGT 4 the Cone-Drive gearing, the gear pa 
FOR SPECIFY GENUINE ALLEN © HEAD SCREWS — ‘ily envelopes the hourglass-shap 
worm, this double enveloping desis gt 
The Allen Pressur-Forming Method ita | giving the gearing considerable added 
is now used to produce nearly all | "™@ ae. load-carrying capacity and making pos 
standard Allen screws. Instead of ‘% aoe | sible extremely short center drives 
weakening the metal by cutting the | (OE Y Also on page 104, under “No: 
steel fibres, it compresses them for | ferrous” metal powders, the tungste: 
extra toughness. | ' carbide family of such powders merits 
more than passing mention parti 
1F YOU BUY FOR REPLACEMENT . .. larly in view of their increasing use 
you'll buy less often if you are sure for wearing resisting parts as well as 
to get the extra strength Allen builds | : cutting tools. 


into precision fastenings. ASK HOE... . There’s no room 
for failure in the giant high speed 
IF YOU ARE DESIGNING OR IMPROVING presses that turn out America’s news- 
A PRODUCT... papers —— but there’s room for thous- 
Allen technical development (available ate «f saaneenins ao ae One More “B” Line 
through Allen distributors or direct eagggrern tine on. cheney conte a dmage 
W ing manufacturer standardizes on To the Editor: 

from the factory) leads the field. e AllenQHead screws for dependability. , 
work constantly with engineers of | : ema The Reference Book Sheet that ap 
leading manufacturers toward the sop onty THROUGH LEADING DISTRIBUTORS | peared on page 157 of the June Pro! 
solution of problems involving fast- Write the factory direct for technical UCT ENGINE ERING is complete eXCce} 
enings and we invite your inquiry. information and descriptive literature. for one detail. The resistance of a full) 


open gate valve is not indicated on the 


“B” scale. It is equal to that for a 
sudden contraction, ¢/D = 3/4, a 
shown at the lower end of the scale 
—E. P. DECRANE 
ae aoe COMPANY Crane Compe 


( ieee d 2. Connecticut, u. S.A A. Ed—We regret this omission and ho 
and silvel ; LAND. D,_DeTROn : “ a 

/ our readers will note this on file cor 
of this reference sheet. 
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THIS CASTING 
SAVED *12,000.00: 


Why an Electrode Holder, redesigned by 
National Bearing Division, lasted 
over 73 times longer 


A large Midwest plant was getting 5 days service from 
furnace electrode holders . . . before a trial order was 
placed with National Bearing Division. This plant 
saved dollars—right from the start. A special copper 
alloy permitted sound, dense castings at no sacrifice 
in electrical conductivity. Result? 30 days service—in- 
stead of 5—before replacement. 

On the next order, National Bearing Division engi- 
neers submitted a new design for the clamp—for 
greater strength and resistance to cracking. The re- 
designed electrode holders are still in use—after a year 
of trouble-free operation! They've saved $12,000.00 


on replacement costs and furnace maintenance. 


Better, longer-lasting non-ferrous parts 
can save money in your pl->* or product... 


National Bearing Division has complete facilities for 
finding practical, economical solutions to non-ferrous 
bearing and casting problems. Investigate these com- 
plete facilities—whether your problem requires de- 
signed engineering service, or production of non- 


ferrous parts to your own specifications. 


NATIONAL BEARING DIVISION - 


COMPANY 4932 Manchester Avenue «+ St. Louis 10, Mo. 





PLANTS IN: ST. LOUIS, MO. © MEADVILLE, PA. © NILES, OHIO © PORTSMOUTH, VA. © ST. PAUL, MINN. ¢ CHICAGO, ILL. 


Propuct ENcrIngERING — Aucust, 1950 





















If your designs call for metal plus 







the chemical resistance, toughness, 
electrical insulation, or smooth 
“feel” of hard rubber, use these 








> 





* ETFO A TONS 





de ae 
_ 2 





ie WAYS TO COMBINE 
fe HARD RUBBER AND METAL 







a! 1) Molded Inserts: Follow standard molding design practice. Magneto 
>: part above is good example. Seventeen inserts are molded into high 
—) dielectric Magnon Super Ace compound (dielectric strength 600 v/mil 





at 60 cycles). This Ace grade gives durable strength up to 300°F. 





@ Shrink Fits: Screwdriver is insulated by slipping hard rubber tube 
softened in hot water over shank, then slipping heat-softened hard 





rubber handle over both shank and tube. Rubber cools, shrinks, gives 






positive-grip, insulated tool as no other material cando. An idea for you? 





&> Vulcanized Cement Bond: Two-layer process: Hard rubber outer layer 


for best resistance to chemicals and aging; live, soft-rubber inner layer 






provides resilience. These Ace linings also can be all-hard or all-soft 






rubber, natural or synthetic. 





Ask for ACE Handbook, a gold 
mine of helpful information 





























HARD RUBBER ond PLASTICS 


MERICAN HARD RUBBER COMPANY 


MERCER STREET NEW YORK 13, 
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NEW BOOKS 





Evaluation of Effects 
Of Torsional Vibration 


Compiled by the Torsional Vibra 
Committee of the War Engines 
Board of the Soctety of Autom 
Engineers. 578 paves, 8} x 1] 
Published by the SAE, 29 W. 39th S: 
New York 18. N. Y. SAE member 
$5; Non-members, $10. 


Representing the combined efforts 
of many well-known and highly com 
petent engineers, this study of tor 
sional vibration problems in internal 
combustion engines was brought about 
by problems which confronted the 
Navy Department. Such a comprehen 
sive study was found necessary to bet 
ter understand and to limit the serious 
stresses in naval diesel installations 
where weight and space are import int 
factors. 

The book consists of individual con 
tributions from men in industry and 
is divided into three categories: (1) 
Various techniques used in measuring 
torsional vibration; (2) analytical 
methods for calculating torsional 
stresses; and (3) significance of 
stresses and devices used to damp. 
vibration. Since most of the discus 
sion centers around the methods and 
practices of the internal combustion 
industry, it represents the most recent 
and practical approach to this problem 


Engineering for Production 


WALTER Ernst. Spiral-bound, 200 
pages, 84 x 11 in. Published by the 
Research Press, Inc., 139 N. Perry St 
Dayton, Ohio. $10. 


There are often conflicts between 
what engineers want and what the pro 
duction shop produces. In many cases, 
the difficulty arises as a result of im 
properly stipulating design data on 
drawings. This type of problem wastes 
not only time, but material as well. It 
can be extremely costly, especially in 
purchasing and subcontracting work. 
Complete and consistent drafting pro- 
cedures can prevent the occurance of 
this type of problem. 

This book has been prepared as 4 
guide or tool to insure that engineering 
designs are properly manufact 
This is the result when shop peop! 
and production men have no trovole 
working with drawings. 

For the designer and drafts: 















Oilgear unit drives cable take-up | 

reels. By an ingenious Oilgear 
control arrangement, all units are 
rad keptin perfect stepoverentire 150 : 
“sa feet of Alpeth sheathing process. § 


rrr 







WESTERN ELECTRIC’S 


Oilgear fluid p 


machine which 


drives Yoder roll forming ; 
ps corrugated aluminum Ol LGEAR FLU 1) POWER 
able. 


@ Right after the war, the Bell System faced a tremendous problem because 
of the shortage of lead for sheathing telephone cable. To solve that prob- 
; lem, a newly designed sheath known as Alpeth—aluminum polyethylene— 
cc a was adopted. And the engineers had to design a machine fast that would 
a | : apply this sheath fast—to produce this new cable by the millions of feet. 





Oilgear engineers, working with standard Ojilgear Fluid Power pumps, 
motors and valves, met the need for drives that would handle the complex 


Alpeth coating machines, dependably, without trouble... and for drives 
that couii be immediately, easily and economically installed . . . requiring 
Oilgear drives synchronized to Soa 
speed of Royle eMmmder which covers minimum space, sure performers from the start. 


cable with mel yethylene. 


The first Alpeth cable sheathing machines installed by the Western 
Electric Company proved themselves and more units were installed, to 
make a total of three at the Kearny, N. J., Works and three at Hawthorne 
Works in Chicago. The Oilgear drives have performed well, without trou- 
ble, with minimum maintenance, often at high speed for 24 hours a day. 

A company like Western Electric does not buy by guesswork. Neither 
should you. THE OILGEAR COMPANY, 1571 W. Pierce Street, 
Milwaukee 4, Wisconsin. 


vagh extruder, long cooling trough and inspection 


sisi - PIONEERS IN FLUID POWER 






mctor capstan powered by Oilgear, which pulls cable \ re 





T SOUNDS FOOLISH to sey that molds are what you 

make them, but they are, and can be a definite head- 
ache for that reason. When a customer buys the cheap- 
est mold that is offered to him, he may easily be heading 
for trouble. That same purchasing agent would throw 
up his hands in horror if some one proposed that he buy 
the cheapest available truck to tote his goods around. 
He knows well that there are other things to trucks 
than price. He would say that upkeep and continuity 
of service were important too, and that he was willing 
to pay for the insurance of these two items in the origi- 
nal cost. 


Because the mold is in some one else’s shop, and that 
some one else is assuming the responsibility for these 
iteras, is not enough to justify ignoring the quality of 
the mold to be purchased. Regardless of the blame 
being placed elsewhere for a breakdown in production, 
the purchasing agent v1 be the one to hear from the 
front office. 


The most talented molder in the world cannot make a 
bad mold stand up to a heavy schedule. In fact 90% of 
molding troubles, from accuracy to ultimate delivery, 
are traceable to inferior molds or mold design. And 
most of these in turn trace back to pressure from some 
ambitious client who decided he would save money on 
the molds after the piece price had been settled. Add 
to that, of course, a weak, hungry molder who yielded 
in the hope that this time he could get away without 
trouble. Some time he does. 


George K. Scribner, President 


BOONTON MOLDING CO., BOONTON, N. J. 
Phone: BOonton 8-2020 


New Books 


there is a considerable amount of hand 
reference material. It is particularly jr 
formative in the discussion on meta! 
and their heat-treatment. The ma 
presented is patterned on data { 
the American Standard Associatior 
American Welding Society, and 
Joint Industry Conference on Hydra 
lics. Included are sections on piping 
packings, gears and bearings 


Kent’s Handbook 

Power 

Edited by }. KENNETH SALISBURY 
Division Engineer, General Enginee 
ing and Consulting Laboratory, Ge) 
eral Electric Co. Twelfth Editio 
1455 ages, 54 x 83 in. Published 
by John Wiley & Sons, 440 Four: 
Ave., New York 16, N. Y. $8.50 


What is true of the Design and 
Production volume of this handbook 
is also true of the Power volume 
is a comprehensive reference that wi 
become an invaluable part of any eng 
neer’s bookshelf. Inclusion of data or 
such subjects as atomic power, com 
bustion gas turbines, supersonics, m 
rine engineering, jet propulsion, axi: 
piston engines, heat pumps, panel he: 
ing, diesel and electric locomotiv 
axial flow compressors, instrumen 
tion and on other recent developme: 
really makes previous editions of : 
Power volume obsolete. 

Space devoted to steam engines, ¢ 
producers, and power test codes 
the past editions has been drast 
cut in this one. Mathematical table 
have generally been retained 
amplified by data on geometry, « 
culus, differentiation formulas, 
tables of integrals. 

Sections in this, the twelfth editi 
are as follows: (1) Air; (2) Combus 
tion and Fuels: (3) Heat and He: 
Exchange; (4) Steam, Water, an 
Ice; (5) Hydrodynamics, Hydraulics 
and Pumps; (6) Piping; (7) Steas 
Generating Units; (8) Steam Turbi: 
and Engines; (9) Condensers 
Cooling Equipment; (10) Comb : 
tion Gas Turbines; (11) Refriger 
tion and Ice Making; (12) Heating 
Ventilating, and Air Conditioning 
(13) Internal Combustion Engines 
(14) Land Transportation; (15) A 
and Marine Transportation; (! 
Electric Power; (17) Atomic Power 
(18) Instrumentation; (19) Powe: 
Test Codes; and (20) Mathemat 
Tables. 

Quoting from the preface o! 
book: “Advances made in mechanics 
engineering during the twelve yea 
since publication of the elevent! 
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STAINLESS STEEL 
MECHANICAL AND PRESSURE TUBING 


These are common sizes. Intermediate sizes, larger or 
smaller diameters, heavier or lighter walls, or geometric 
shapes other than round also are available. 





OUTSIDE GAUGE OUTSIDE 
DIAMETER RANGE DIAMETER 


16-25 
16-25 
14-25 
14-25 
14-24 


eo 
t= 
% 


“~~ 
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CEE 


| | ELECTRUNITE 


| 7 Stainless Steel Tubing and Pipe 


The above sizes are available in types 404, 309S, 310, 
316, 317, 321, 347 and 430. Type 302 is available in a : ; 
limited range of sizes for ornamental use. @ NOW... up to and including 2 


ELECTRUNITE Tubing made of time-tested 
Republic ENDURO* Stainless Steel. 


seacpets ces | | SCMEDOLE 188 In 1947, the ELECTRUNITE Size Range was 
STANDARD PIPE | LIGHT WALL expanded to include the pipe sizes listed at the left. 
WALL THICKNESS PIPE WALL THICKNESS 

- Today, Steel and Tubes keeps pace with your 
expanded requirements by offering a complete range 
of stainless steel tubing sizes produced by the con- 
tinuous welding method. 





1 
18 
3 
1/4 
5 
-3/8 
7 
1 
9 
5/8 


Republic—world’s largest producer of stainless and 
alloy steels—offers you prompt metallurgical assis- 
tance with any problem involving the use of stainless 


The above Pipe Sizes are available in the Chrome- steel tubing or pipe. Write, wire or phone today for 
Nickel analyses of Republic ENDURO Stainless Steel, further information. 




















REPUBLIC STEEL 
CORPORATION 


STEEL AND TUBES DIVISION © CLEVELAND 8, OHIO 
Export Dept.: Chrysler Bldg... New York 17, N. Y. 
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Elapsed time intervals can be 
measured down to Yooth second with a 


“ STANDARD PRECISION TIMER 


The world’s most accurate (and rugged) time meas- 
== uring instrument. Available in 8 models as shown 
3 below: 















































New Books cont t 


tion of the Handbook made 
propitious time to introduce 
panded twelfth edition. So ra 
has technology raced forward in 
years that the book has neces 
been enlarged considerably. Alth« 
much obsolete material has beer 
leted, the size of the volume has 
increased about 20 percent by add 
of new subject matter. Approxin 
eighty authorities have made cont 
tions, nearly all completely new 
original.” 

That fairly well sums up the 
of this new edition 


The Nature of Physical Reality 
HENRY MARGENAI j page 
in Published by the McGrau 
S00k ¢ Inc. 330 W’. 42nd St 
York 18. N. Y. $6.50. 


Imr' ications of the remarkably rap 
progress being made in the phys 
sciences are described in this 


by Henry Margenau, Professor 


= Natural Philosophy and Physics 
= MODEL READS TOTALIZES ACCURACY Students of physics and theory 
. 3 ‘eamene knowledge should be grateful for : 
yo S-100 1/5 sec. 6000 sec. + .1 sec. clarity and thoroughness of this 
petent ilysis of the bas 
= 5-60 1/5 sec. 60 min. + .1 sec. petent analy b, 1€ ASIC , 
ba which are the tools of research. Ins m, 
. SM-60 1/100 min. 60 min. + .002 min. of imposing fixed rules of method 
a. -~ value-judgments on scientific thinking 
a S-10 1/10 sec. 1000 sec. + .02 sec. Mr. Margenau emphasizes the 
C7, S-6 1/1000 min. 10 min. + .0002 min. lesson of modern physics: Ideas th 
fb: are valid for one type of experi: 
Ba.! $-1 1/100 sec. 60 sec. + .O1 sec. should not be extended to all or nes 
>: kinds. 
>: MST 1/1000 sec. .360 sec. + .001 sec. | : 
»? MST-500 1/1000 sec. 30 sec. + .002 sec. | 
Electrical Machines, Direct 
Manually and Electrically Operated Portable Cases or Panel : : 
And Alternating Current 
Mounting optional changes to conform to customers’ require- 
ments. CHARLES S. SISKIND, assistant pr 
y, sor of electrical engineering, Purds 
University. 521 pages, 6x9 in. Ps 
° ° lished by the McGraw-Hill Book ¢ 
Special Timing Problem. our engineers are ready to Inc., 330 W’. 42nd St.. New York 18 
consult with you, and design timers to meet special timing N. Y. $4.75. 
problems. The constructional and operating 
OTHER PRODUCTS similarities, as well as their differe: 
of direct and alternating current m 
Standard Chrono-Tachometers, Custom-built Laboratory Test chines heats ne gi i = = 
Schoa st H SiS 1N this DOOK, especially as they app 
and Distribution Panels, I Time Program Sy ° ~ modern snd machinery pr 
pital Doctor Paging and Nurse Call Systems. tice. Similar or dissimilar charac: 
WRITE FOR BULLETIN NO. 153 tics are compared, and some cons 
tions are shown that are derived { 
| or modifications of, the fundam 
STANDARD on 
The material presented presupy 
a knowledge of elementary direct 
THE STANDARD ELECTRIC TIME CO. #220"): 
S practice. The mathematical treatm« 
95 LOGAN STREET SPRINGFIELD, MASSACHUSETTS __ ‘5 limited to simple arithmetic, « 2 
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FLLANEUUS PUMP SIAMPINGS 
, %. be be ; sts GZ | '& aPery 7a re 








prove BY 
DEEP DRAWN St AMPINGS 


@ Strength, shock resistance, reduced 


weight and lower cost were all achieved 
Pump Housing—8-1 2° deep, 
5-1/2" wide, 8° long | 


by these T & W Steel Stampings. Perhaps 
you, too, have similar problems that can 
be solved by redesigning. This Transue 
engineering service is available to you for 
investigating the possibilities of redesign. 


NO. 4 OF A SERIES 





Gasoline Pump Base— 
13-3/4* deep, 19-3/8" wide, 
25" long 























SALES OFFICES: NEW YORK, PHILADE 
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LEADING MARUPACTURERS STANDARDIZE ON THE BIJUR SYSTEM 


LE 
} Saco-Lowell “Spinning Frame"’ 








my ek el, _ 

















by controlling oil film at the bearings 


Oil film at the bearings keeps the 
metallic surfaces apart, reducing 
wear to a minimum. This oil film 
must be maintained constantly to be 
effective. 

Lubrication by hit and miss meth- 
ods can’t be depended upon to keep 
bearings running smoothly. Proper 
lubrication requires a system which 
force-feeds the correct amount of oil 


to all bearings and carefully con- 
trols the oil flow at each individual 
bearing automatically. 
This is accomplished by Bijur, the 
system with positive 
Meter-Unit control of oil 
flow at the bearings. For ah 
further details write for | 
“The ABC of Modern MI) 

| 


Lubrication.” 


The correct 
oil film 
to each 
individual 


bearing 


New Book ontu 


, and a few trignometric functic 
Although in the discussion of 
performance of alternating « 
machines, where phenomena suc! 
armature reaction, armature and | 
age reactance, and the revolving | 
are discussed, some use is mad 
the vector notation in its elemet 
form 

Numerous problems are preset 
and solved. In the main, examples 


been chosen from practice with 


objective of developing a good s« 
of judgment with regard to mac! 
sizes, operating characteristics, 
nitudes of electrical quantities 
the proper selection, installation 
operation of machinery 


Motor Oils And 
Engine Lubrication 


Cart W. Georai, Tec/ il Directoy 
Research Laboratory. Ouaker State 
Refining Co. 514 pages, 6x9 in 
lished by Rein/ ld Publi hin 

330 W. 42 St.. New York 18, 
$8.50 


The practical problems of engir 
usage, maintenance and lubrication 
well as causes and remedies affecting 
operating troubles, are described 
this comprehensive book. In_ it 
assembled for ready reference detail 
information on the properties 
service behavior of motor oils 

It covers at length the methods o! 
testing and evaluating performa: 
characteristics of motor oils. Par 
ular emphasis is laid upon visco 
index and its importance in all ph 
of motor lubrication. A feature 
the book is the inclusion of detail 
specifications covering various typ 
of engine tests, properties of lubric 
(ash, carbon residue, pour point 
color, corrosion, flash point) and 
types of performance ratings. Also 
cluded are chapters devoted to 
refining and manufacture of motor « 
and description of their chemical and 
physical properties. Later sections o! 
the book deal with the application 
motor oils and the relation of oils and 
lubrication to engine design, op¢ 
tion, maintenance, breakdowns 
failures. The subject matter is arrang 
to permit ready reference to 
types and varieties of engine fail 
and operating difficulties, toget 
with causes and remedies. Valuable 
formation is given to aid in diagnos 
engine ailments, and in adopting 
rective steps necessary to prevent th 
recurrence. 

The text has purposely been writ 


LONG !tS$LAND CITY 3, NOW YORK in practical terms and avoids as m 
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OF SATISFACTORY 
PERFORMANCE 
HAVE MADE 
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as 
2-4 Ss /': AMERICA’S STANDARD 
5 de RUBBER BUSHED 
FLEXIBLE COUPLING 


@ Successful installations on a wide range of 
direct-connected machines have proved the de- 
sign, performance and economy of Ajax Rubber 
Bushed Flexible Couplings. 

Design engineers are using them as standard 
equipment for all types of applications including 
those requiring high operating speeds, increasing 
loads and space limitations. 

They provide positive resilient drive, quiet 
operation and free end float. They require no 
lubrication and operate successfully in abrasive- 
laden air. They can be installed vertically or 
horizontally. 

Standard Ajax Couplings are made of forged 
steel or cast semi-steel. Aluminum, bronze and 
other metals available for special applications. 
Made in a wide range of sizes and capacities ... 
write for catalog. 


GRAPHITED BRONZE 
BEARING 
Qe ORIVE STUD 
FLEXIBLE RUBBER 
BUSHING 


— FLANGE 


—_— 


AJAX FLEXIBLE COUPLING CO. INC. 
WESTFIELD, N.Y, 
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New Bx ” rks 


as possible highiy involved tecl 


considerations. Illustrations are 

freely, especially those relating 
. Msi : 

gine wear. The book has been w: 


primarily as a reference work 


BALL BEARING UNITS 


Numerical Methods of 
Analysis in Engineering 


Combine All 
Essential Bearing 


Features In One Unit! 


ne . " 
This is 


on the use of numerical method 
solve engineering problems. The 
group entitled “Numerical M 
Based upon Physical Concepts 
sists of two papers. The first is 
print of the famous paper by H 
Cross on moment distribution 
second, written by L. E. Grinter 
entitled ‘‘Statistical State of St 
Studied by Grid Analysis’. This ¢ 
a method of calculating approxi: 
stress distributions. In justifying 
method, the author emphasizes 
errors in the assumptions of the th 
of elasticity rather than its relations 
to his technique. This paper cont 
: - ; an appendix by A. J. Pyka appl 
SEALMASTER Ball Bearing Units have features that the technique to the problem of 
contribute to the good performance and long life of aamiliak atin P 
any industrial product on which they are used. Tex- , The th, sails _— 
tile equipment, oil field machinery, farm implements : OP - agge e  h eg sy 
and air conditioning equipment are only a few of Solutions e Equations eal ' 
the many widely varied fields in which manufac- Stress , consists of three papers . 
turers have standardized on SEALMASTER units. . rst, by F. S. Shaw, dis vee OO 
To be sure of the best possible bearing perform- : tion techniques for partial different 
ance, consider SEALMASTER units wher designing, ’ equations, especially Poissons eq 
or redesigning products. Write us for a copy of This paper would be clearer i 
SEALMASTER Catalog No. 845. Flange Units techniques were explained in gi 
detail. The second paper, by R. \ 
Southwell is entitled “The Quest 
Accuracy in Computations Using 


Here is the exclusive combination of features nite Differences’. He points out 


found only in SEALMASTER Ball Bearing Units: there are two schools of thought 
. Permanently Sealed — Felt- lined, steel flinger, how accuracy should be impr ) 
— aed keeps dirt out and retains One school advocates the use of 
: - eer : terms in the formula approxima 
@ Self-Aligning— Bearing unit with seals inde- , tl tel Eiincticl cunaiien Ti 
pendent of housing can align itself in any ee ee Oe ae 
direction without seal distortion. other advocates | using a simple 
@ Pre-Lubricated -- Bearings are factory lubri- mula but covering the region ut 


cated and are shipped ready for immediate use. consideration with a finer mesh. 1 
Flange Cartridge las sr in this gro is by M. M 
@ No Housing Wear—Patented locking pin pre- Units ast paper in this group 1s by M. 
vents rotation of outer race in housing and Frocht and is entitled “A New A 
positions bearing for relubrication .. . no proach to the Numerical Solutio: 
housing wear means quiet operation. Laplace's Equation”. This give 


stanine/— — orvision technique for calculating the soli 


at any given point of the region ur 


‘Ss T E P H E N y -A D A M s Oo we consideration. It also shows how 


@ RIDGEWAY AVENUE, AURORA, LINOIS \ mre. co of ~ my A solution throughout the entire res 
i ae oh pet | can be obtained from values at a : 


Factory Representatives and Dealers tively few points. Combining 
. Dri, i f techniques is advocated. 
in All Cities The third group, entitled ° 
wien clade ets cae tions of Numerical Statheds ® . .' 
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Buffing 


Com pound 


This Nankervis buffing com- 
pound applicator can be in- 
stalled at any angle on an auto- 


e 
matic polishing machine. An A [ f 
intermittent feed, driven by a PP ica or 
Bodine polyphase, 1/60 horse- 


power, speed reducer motor, 
operates at fourteen strokes 


per minute. uses a 


Bodine motors are the power behind the 
leading products. Over 3,500 standard motors 


in all types and fractional horsepower rat- e 

ings, from 1/2000 to 1/6 hp, are available for 

you to choose from. Whether a. c. or d. c., the 

frame is the same size —100% interchangea- ge re 
bility. Built to rigid standards . . . high-grade 


craftsmanship . . . quality materials . . . at- 
tractive appearance. 


Bodine Electric Company has earned an 
enviable reputation throughout industry as 
designer and manufacturer of high-quality 
fractional horsepower motors. Nearly a half- 
century’s experience has given Bodine the 
know-how to provide you with motors best 
suited to your particular application. Expe- 
rienced engineers are always at your disposal 
to help solve your motor application problems. 
Bodine Electric Co., 2260 W. Ohio Street, 
Chicago 12, IIliris. 














Bodine Type N-13RG Poly- 
phase Speed Reducer Motor 


A double worm-gear speed re- 
ducer designed to deliver mod- 
erate torques at low speeds. 
Diameter of motor approximate- 
ly 3-5/16". Net weight 6 Ib. 
Drive shaft position is variable 
by 90° increments with respect 
to mounting feet. Motor Rat- 
ing: 1/60 hp at 1725 rpm. Re- 
ducer output: 32 in.-lb, 14 rpm, 
gear ratio 120:1. 





BODINE FRACTIONAL HORSEPOWER MOTORS 


DISTRICT AGENTS 


BUFFALO 3, N. Y. CLEVELAND 3, OHIO LOS ANGELES 13, CALIF. ROCHESTER 4, H. Y. 
Ellicott Square—S. E. Shea 4500 Euclid Ave.—W. 8. Uffelman 411 Se. Wall St.—H. M. Hell 825 Commerce Bidg.—S. E. Shee 


CAMBRIDGE 39, MASS. DETROIT 1, MICHIGAN MINNEAPOLIS 15, MINNESOTA SAN FRANCISCO 3, CALIF. 
686 Massachusetts Ave.—W. A. Black 4464 Cass Ave.—C. D. Miller 712 Sixth Ave., Se.—A. C. Jecebsoa 99S Market St.—J. F. Cady 


KANSAS CITY 6, MISSOURI REW YORK 18, WN. Y. 
903 McGee Street—T. Pellmounter SS West 42nd St.—H. C. Meyerga 
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another FIRST in 
McGILL precision bearings 


dl 

EW PRINCIPLE 
in 
roller bearing design 


Rollers cannot skew. A 


gvide rail integral with 


the outer race moaintoins 


alignment of the grooved 


rollers, 


roe HUIDEROL iar An 


The Bearing with the Self-Aligning Rollers 


- a simplified 


roller bearing construction that automatically corrects roller 


skewing 


without space wasting cages! Perfect roller 


alignment with resulting superior performance is main- 
g 8 


tained by this new principle of guided rollers. Even with 


reduced internal radial looseness a GUIDEROL bearing 


overcomes any tendency to bind under limited misalign- 


ment. Produced in needle and cylindrical type roller bear- 
ings. Write for information packed Bulletin today. 





UNIVERSAL MOUNTING 


Universal Mounting — 
from horizontal to ver- 
tical is possible. No 
cocking of rollers on ver- 
teal shafts because the 
grooved rollers are lo- 
cated by guide rail. 


Write for your copy of the new 


GUIDEROL Bearing Bulletin No. 
Address: McGill Manu- 
facturing Co., Inc., Bearing Divi- 
sion, 201 N. Lafayette Street, 


GR-50. 


Valparaiso, Indiana. 
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OPEN ENDS — SELF CLEANING 
Open Ends — Self clean- 
ing in applications per- 
mitting free circulation 
of oil or grease. Open 
faces set up flushing ac- 
tion inside the bearing. 

















GREATER ANGULAR RIGIDITY 


Greater Angular Rigidity 
is provided by longer 
rollers that permit race 
and roller contact virtu- 
ally to the outside edges 
of the races. 











New Books continued 


Transfer,” contains two papers. The 
first, by L. M. K. Boelter and Myron 
Tribus, gives a technique for calc. 
lating the temperature at any instant 
at any point in a one-dimensional fe. 
gion. The other by G. M. Dusinberre 
deals with transient and steady floy 
of heat. While the emphasis is upon 
problems in which the heat transfer js 
between different objects, the appendix 
illustrates a problem worked by J. D 
Bottorf and Y. S. Touloukian in which 
the heat transfer is between different 
regions of a given object. 

The last group entitled “Surveys and 
Bibliographies of Numerical Meth. 
ods” contains three papers. The fist 
by Frank Baron is titled ‘Successive 
Corrections—a Pattern of Thought” 
It points out some similarities between 
problems arising in different fields and 
methods of solving them. The second 
paper by N. M. Newmark covers 
similar ground and also explains a 
group of techniques for plane prob. 
lems in the theory of elasticity. The 
final paper by Thomas J. Higgins is 
entitled “A Survey of the Approxi- 
mate Solution of Two-Dimensional 
Physical Problems by Variational 
Methods and Finite Difference Meth- 
ods’. Among other techniques, the 
Rayleigh-Ritz method and the method 
of Trefftz are mentioned. 


Materials Under Low 
Temperature Conditions 


Symposium on the Effect of Low Tem- 
peratures on the Properties of Mate- 
rials. Special technical publication No 
78. 68 pages, 6 x 9 in. Published by 
the American Society for Testing Ma- 
terials, 1916 Race St., Philadelphia, 3, 
Pa. 

This symposium was originally held 
at a meeting in 1946, and the data was 
reviewed by the authors in October, 
1949. This material covers specifically 
the fields of both ferrous and non-fer- 
rous metals, plastics and rubber. This 
material should be of particular inter- 
est to those concerned with problems 
in refrigeration, chemical processes and 
related fields. Gathered in this book- 
let are the latest data and experience 
concerning these materials ae con- 
ditions from 50 to 100 degrees below 
zero Fahrenheit. The discussion of 
organic plastics is given by Messrs. H. 
K. Mason, T. S. Carswell, and C. H 
Adams. Mr. John W. Liska is the 
author of the paper on elastomers ; the 
properties of non-ferrous metals is dis- 
cussed by Mr. Norman L. Mochel; 
and, finally, Mr. Robert D. Stout dis- 
cusses the properties of weldments a 
low temperatures. 
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